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Drivetrain damage VW/Audi CP4.2 (-611/613)
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Drivetrain damage CP4.2 VW/Audi
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Number of failures

ppm /KW
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Failures due to drivetrain damage FD-KW
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10.05 No reuse of tappets if not OK Pressing process

10.05 Click-clack test

23.05 Delta T and Delta Tmax test of test

29.05 Click-clack inspection at the end of the assembly conveyor belt

30.05 New switching procedure between flushing and inspection

18.06 Continuous noise measurement

20.06 Repeat inspection on frictional coefficient test bench dropped

09.07 Optimization of test bench process optimized (n>500 1/min)

23.07 CH assembly with 5" torsion

23.07 Dry pressing in of roller shoe

23.07 Uncoated spring plate (BMW)

28.08 Introduction of dwell time in assembly, roller

01.10 Extension of checkpoint heavy load

16.11 Inspection V7.2 (BMW)

13.12 Improved visual inspection, RS

13.12 Frictional coefficient check +/- 10°

12/21/2007 Tappet check in assembly

1/2/2008 New visual test catalog, RS

1/11/2008 Inspection V7.2 (VW) visual test catalog, RS

Inspection V7.2 (Audi)

7.4 Straightedge test CP4.2 visual inspection catalog, RS

1.5 Cleaning cloth with

1.5 Visual inspection LR for C

1.5 Opt. C coating
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Activities to reduce drivetrain failures

Task force activities to reduce power train failures
1. 1) Metalization on roller shoe (RS)

1.1) Prevention of metalization

Graphite/boron nitride covering on holders in C layer coating system

. Test new system done
. 2-day production/major test planned T. under discussion
. If test is positive, introduction planned T. under discussion

1.2) Detection of metalization

. Feasibility study for objective measurement processes done

. Two quotations for camera monitoring in progress, major trial under series
conditions required for evaluation purposes (avoidance of pseudo scrap)

. Ordering of preferred solution for 1st line in FeP planned by WK 44,
implementation then expected by 04.09.

o 2 visual inspections used at present (after finishing or frictional coefficient
test)

Diesel Systems
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Activities to reduce drivetrain failures

Task force activities to reduce power train failures

3) Avoidance of C layer removal during washing/ transport, RS

New washing/ transport frame

e first 100 done

e  Complete changeover WK40->WK 42

3.1) Avoidance of C layer removal during pressing, RS in tappet body SK

e  Peeling particles of from the C layer on RS are transferred during frictional coefficient
measurement and can lead to early damage. The following potential remediation
measures are currently being assessed:
e  Optimization of C-layer adhesion
e  Avoiding C-layer

e  Draw up a schedule for further procedures WK39
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Activities to reduce drivetrain failures

ENTIRE PAGE CONFIDENTIAL

Task force activities to reduce power train failures

Activities involving transfer of C particles to roller show - further action
1

Analysis of a rail system set (480) prior to the pressing
process @identify peculiarities, observe flow, and take
a closer look at anomalies, flow under the microscope

2. Feasibility assessment of "brushing" rail system surface

(after applying C layer)

3. Analysis of the C layer ridge found. Implementation

of an FIP section

4. Change to RS retaining tool when inserting the tappet

body -»>smaller support surface, better coverage

5. Feasibility study for omitting coating on RS surface

Diesel Systems
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Activities to reduce drivetrain failures

4) Avoiding "fusing' on cam roller.

Currently there are two solution approaches being considered:
o a) Improvement of cam roller contact through resilient contact plate

J b) direct alignment of the rollers ("stack of wood") for improved contact

e D) is favored and prioritized; if effect is positive implementation by Wk 48

e (Currently there are 2 x straightedge tests used to positive effect,
since in the second test no faulty parts were found.

5) Change to construction layout

e Change to layer system, cam roller camber from C3 to
C2 (testing W24 D4, VW package 3)

e |mproved tight fit for the roller shoe/tappet body press assembly

R.B. internal testing WK 43

Diesel Systems
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Replication operation with non-OK rollers

Topic

Confirmation of failure hypothesis for "export countries"
"Drivetrain damage due to combination of stiff cam roller (in this instance, fusing on the cam roller) in combination with country-
specific peculiarities(in this instance, fuel)" through a replication test

Implementation (0445010613 instead of 0445010611 due to C-coated piston to prevent piston seizure) CP4.2 W19 BINS with
melt on the cam rollers (waste from straightedge test; subsequent frictional value test OK) set up and operated
with poorly lubricating fuel GDK650 (HFRR 650 um).

Result
Drivetrain damage after 35 hours of operation

Note
The drivetrain task force carried out several similar tests with EN590, although only one case of drivetrain
damage occurred.

Conclusion
Result confirms the failure hypothesis. Pumps manufactured prior to the introduction of the straight-edge test
(7.04.2008) can--in combination with poor lubricity--experience failures.

Diesel systems (;_-’é')’ BOSCH
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Provocative operation with non-OK rollers

Photos of roller before continuous test

Diesel systems
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Provocative operation with non-OK rollers

Photos after continuous test
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Activities to reduce drivetrain failures

Development activities to reduce drivetrain failures

(focus on export countries IR

Failure hypothesis:

Drivetrain damage due to combinations of stiff cam roller (slippage in production prior to introduction of the
straightedge test, etc. 1.05.2008) + country-specific special features (fuel, transport, commissioning)

Non-responsive content re

1) KT analysis with key question moved
o Why is the fa”ure rate in IJLL:? responsive content remo h|g her than in ek

® Why is CP4.2 affected more than CP4.1 (production plant, components,...)
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Activities to reduce drivetrain failures

2) Investigation in relation to fuels and special fuel features in export markets
2.1) Water

Estimate: Unlikely, but one pump found with visible signs signs of corrosion

2.1.1) Action: Replication attempt with sloshing water

Result: no drivetrain damage, slight traces of tarnishing in housing

2.1.2) Action: Replication attempt with continual water entry

Result: drivetrain damage

2.1.2) Action: WCF test with 1% water & subsequent continuation with EN590

Result: will be presented 29.09.2009.

2.2) Fuel from il

Estimation: probably in combination with other influencing factors

(influence of special feature of fuel, steroyl glucosides unlikely)

2.2.1) Action: Obtain fuel samples from failure map Date 10.24.08 .

Result:

2.2.2) Action: Analysis of fuel from faulty pumps Date ongoing V. Audi, |
Result: No striking features to date

5  Dieselsystems (=) Bo SCH
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Activities to reduce drivetrain failures

2.3) Fuel from il

Estimation: probably in combination with other influencing factors

2.3.1) Action: Provocative operation with non-OK Roller & GDK650

Result: Failure after 35 hours with final turned tappet

2.3.2) Action: Continuous replication testing with OK cam roller & GDK650, Date CW 41 V. Gl
but with stiff cam roller (friction testing committee)

Result:

Other continuous tests planned and pumps currently being set up)

2.4) Air in fuel

Assessment: Unlikely

(air found in pump inlet during vehicle measurement (Leasing Q7))
2.4.1) Action: Replication test with high air proportion

Result: no power train damage, but high degree of foam formation
2.4.2) Action: Research with Audi series electric fuel pump & filter

Result: Inline electric fuel pump can take in air via the filter

Recommendation: Verify NDKL layout design with borderline components. V. Audi
2.4.3) Action: Continuous test with defined air input Date CW 42 V. ERSS
Continuous testing in combination with 'minimum' belt tension (determined on the

Engine

Diesel systems
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Activities to reduce drivetrain failures

2.5) Other special features of fuel
Action: Analysis of fuel deposits Date 09.29.2008 j§
Result: Only one unusual pump. Rust, products from aging fuel & traces

of chlorine and silicone oxide. The source corrosion medium (probably containing chlorine) could
not be found. Other faulty pumps will be examined.

4 Diesel systemg e (—, Bo SCH
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Only vehicle failures under testing and in the field
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|Model Engine |Market Failures [Delivery Failure quota |Factor above |Factor above Remark
volume per mill. average average
Vehicles in worldwide |in
SOP - June 08 comparison |comparison
Audi Q7 3.01 worldwide 31 19.344 1,6 -
0 5.685 0,0
5 187 26,7 17 #DIV/0!
12 317 37,9 24 #DIV/0!
3 477 6,3 4 #DIV/0!
2 ? 1 veh. 2 failures
2 ?
2 76 26,3 16 #DIV/0!
2 2.612 0,8
1
2 8 250,0 156 #DIV/0! W19 tension roller instead of W24
Audi A4/A5 2.01 worldwide 7 87.660 0,1
5 24.813 0,2
1 1.724) 0,6 7 3
1 1.225) 0.8 10 4
2.71 34 18.516 1,8
7 5.899 1,2
15 243 61,7 34 52
7/ 161 43,5 24 37
4 1.985] 2.0
1 ?
3.0l 2 ?
1
Audi A3 2.01 1 - Poor quality fuel!!!
VW Phaeton 3.0 1 2.807 0.4 Late damage, poor ventilation in 06/077
VW Touareg 3.01 26 13.266 2,0
[ 1 4.780 0,2
| 6 141 42,6 22 203 Suspicior pro I k E
| 7 1.112] 6,3 3 30
| 5 2.437 2,1 1 10
| 5 789 6,3 3 30
1 ?
1
VW Tiguan 2.01 | 1 18.752 0,1
VW Jetta i 1 ---
AudiA4/A5 unknown || 3
unknown 1
Grand total 108
[Field total 103 Qty. Deliveries Failure rate (per mill.)
29 2295 12,6
27 478 56,5
3 477 6,3
16
15 62736 0,2

Non-responsive content removed
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Trial experience (CR findings; not relevant for approval)

6 x 500h with GDK 650um positive*
*(1 failure after 490h due to piston seizure; cause: lack of C coating on piston)
2 x 100h with GDK 650um positive

1 x 750h@2050 bar with kerosene (jet A1 kerosene F35) positive
1 x 500h@2050 bar with kerosene (jet A1 kerosene F35) positive

3 x WCF (water contaminated fuel) without AWP -> HP piston seizure
2 x WCF (water contaminated fuel) with CP4 with AWP -> drivetrain damage*

*Not in actual CR after pump breakdown Parts are highly corroded.
Note: WCF results are not applicable to the series (1% water content)

Diesel Systems _
COr.l[lden}:ial r-h:-rn-':&s._r::l"1:5--';‘.-:r::'l‘.r?-nt removed O? -I 52008 -‘::"|-."»;'E[:'!:-":E-I'.";' conten! removed . :j‘ Robel_l BOSCh Gr,ﬂbl_l ?OOI‘T AH IlghlS i'esel"fed. in[:;lUd ”g
all use, exploitation, reproduction, processing, distribution and in the case of patent applications

Note from Audi:

The CP4 was tested positively and sufficiently in continuous running with EN590-compliant fuels.
Trials with "poorer fuel qualities of all kinds" were carried out in @ much too narrow scope. In
addition, these trials are largely not approval-relevant. The CP4 is not sufficiently robust, even with
regard to filling and venting in customer service, engine test and on the vehicle assembly line.
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FudNon-responsive content removed
To:

CC:

Date: 7/28/2010, 2:03:16 PM
Subject: Re: First start times in
Attachments: WG Erststartzeiten aller CR aus-.msq

] your statement:
i rom [l tried a while ago, unsuccessfully, to get these start times from FAT

They certainly have the data.
The contact person back then was st

>Subject: Re: First start times in-
-4

>Hello Mr. IR

>

>Thank you for taking care of things so quickly.

= Section Confidential

$The average first start time of 21 sec. is very critical.|This could also include

vehicles that have to start even longer. In this case, preliminary damage

to the high-pressure fuel pumps cannot be ruled out.

>Reasoning: If the venting is insufficient, there is nearly no fuel present in the pumps. If

rotation takes place with starter rotational speeds in this case, there is a danger that the rollers in the
pumps will not turn and suffer damage.

- Section Confidential
JThe start times in -re 6 - 12 sec.|(see attachment).
>

>Procedure for how to proceed:

>* Please determine the statistics for start times as described in the above attachment and send it to
the above distribution list; also for vehicles in the field, if recorded. We have to know the max. first
start times and rate which ones are most endangered.

>* Please conduct a process analysis soon and compare with -I suspect that the
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vehicles in are not vented sufficiently before the first start and therefore have the
high start times. We urgently have to match this with the other plants.
>
>Please provide information as to your plans for how to proceed.
>
>|f you are not the person responsible, please forward appropriately.
>
>
>Best regards
-

Mon-responsive content remov
ed

>

Non-responsive content removed

>www.audi.com

>

>

>Sitz/Domicile: Ingolstadt

>Court of Registry/Registergericht: Amtsgericht Ingolstadt

>Commercial Register No./HRB Nr.: 1

>Chairman of the Supervisory Board/Vorsitzender des Aufsichtsrats: Martin Winterkorn
>Vorstand/Board of Management: Rupert Stadler (Vorsitzender/Chairman), UIf Berkenhagen, Michael
Dick, Frank Dreves, Peter Schwarzenbauer, Axel Strotbek, Werner Widuckel

>

>Ilmportant note: The above information is automatically added to this e-mail.

This addition does not constitute a representation that the content of this e-mail is legally relevant
and/or is intended to be legally binding upon Audi AG.

>Wichtiger Hinweis: Die vorgenannten Angaben werden jeder E-Mail automatisch hinzugeflgt und
lassen keine Rickschlisse auf den Rechtscharakter der E-Mail zu.

>

>
>V0ﬂl Non-responsive content removed

>Sent: Friday, March 26, 2010, 9:30 AM
Non-responsive content removed

>Subject: Re: First start times in

=

Hello colleagues,

>

>Here is the requested information:
> Section Confidential

First start time average: 21s

~
-
-
-
~
-

Filling quantity :> 14|

vV

>
>Is this informati
quantity in §
>

n sufficient? Is the data okay or are their problems? What are the times and filling
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>Sincerely yours / Mit freundlichen GrtBen
-

Non-responsive content removed

>

Non-responsive content removed

>
>
>AUDI AG

Non-responsive content remove
d

>http://www.audi.com
>

>Sitz/Domicile: Ingolstadt

>Court of Registry/Registergericht: Amtsgericht Ingolstadt

>Commercial Register No./HRB Nr.: 1

>Chairman of the Supervisory Board/Vorsitzender des Aufsichtsrats: Martin Winterkorn>
>Vorstand/Board of Management: Rupert Stadler (Vorsitzender/Chairman), UIf Berkenhagen, Michael
Dick, Frank Dreves, Peter Schwarzenbauer, Axel Strotbek, Werner Widuckel

>

>Important note: The above information is automatically added to this e-mail.

This addition does not constitute a representation that the content of this e-mail is legally relevant
and/or is intended to be legally binding upon Audi AG.

>Wichtiger Hinweis: Die vorgenannten Angaben werden jeder E-Mail automatisch hinzugefligt und
lassen keine Ruckschlisse auf den Rechtscharakter der E-Mail zu.

>Subject: Re: First start times in
>

>Hello || N

>

>Could you please answer g
>

>Thanks!

Non-responsive content remo
ved

B questions?!
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>
>With best regards / Mit freundlichen Gruessen
>

Non-responsive content removed

>

>AUDI AG

>85045 Ingolstadt

>
Non-responsive content removed

>Www.audi.com

>

>Sitz/Domicile: Ingolstadt

>Court of Registry/Registergericht: Amtsgericht Ingolstadt

>Commercial Register No./HRB Nr.: 1

>Chairman of the Supervisory Board/Vorsitzender des Aufsichtsrats: Martin Winterkorn
>Vorstand/Board of Management: Rupert Stadler (Vorsitzender/Chairman), Ulf Berkenhagen, Michael
Dick, Frank Dreves, Peter Schwarzenbauer, Axel Strotbek, Werner Widuckel

>

>Ilmportant note: The above information is automatically added to this e-mail.

This addition does not constitute a representation that the content of this e-mail is legally relevant
and/or is intended to be legally binding upon Audi AG.

>Wichtiger Hinweis: Die vorgenannten Angaben werden jeder E-Mail automatisch hinzugeflgt und
lassen keine Rickschlisse auf den Rechtscharakter der E-Mail zu.

>

=

>Sent: Wednesday, March 24, 2010, 11:21 AM

%
gave me a tip that you might be able to help me with questions involving production

>We have V6 TDIs from l-productia:m that have damage to the high-pressure fuel pumps,
some after only very short running times (minimum 235 km).

>

>|t is possible that the pumps suffered preliminary damage during commissioning of the vehicles
if the fuel system is not vented sufficiently during the first start. This is evident in the long first start
times.

>

>Specific questions:

>* What are the first start times for the V6 TDIs?

>* Which fuel quantities are filled for the V6 TDls at the plant?
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>
=

>
>Best regards

Non-responsive content remo
ed

>

Non-responsive content removed
>AUDI A

Non-responsive content removed

>Www.audi.com
>

>

>Sitz/Domicile: Ingolstadt

>Court of Registry/Registergericht: Amtsgericht Ingolstadt

>Commercial Register No./HRB Nr.: 1

>Chairman of the Supervisory Board/Vorsitzender des Aufsichtsrats: Martin Winterkorn
>Vorstand/Board of Management: Rupert Stadler (Vorsitzender/Chairman), Ulf Berkenhagen, Michael
Dick, Frank Dreves, Peter Schwarzenbauer, Axel Strotbek, Werner Widuckel

>

>Ilmportant note: The above information is automatically added to this e-mail.

This addition does not constitute a representation that the content of this e-mail is legally relevant
and/or is intended to be legally binding upon Audi AG.

>Wichtiger Hinweis: Die vorgenannten Angaben werden jeder E-Mail automatisch hinzugefligt und
lassen keine Rickschlisse auf den Rechtscharakter der E-Mail zu.

>
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ENTIRE PAGE CONFIDENTIAL
B8 engine initial start times - Diesel

Initial start times, January 15, 2009

Inspector _[Prefilling

Location

A14-0G-IBN-Band

Non-resp |EREEE
onsive ¢ |

A14-0G-IBN-Band

|> 85 sec

A14-0G-IBN-Band

|> 85 sec

A14-0G-IBN-Band

|> 85 sec

A14-0G-IBN-Band

|> 85 sec

A14-0G-IBN-Band

|> 85 sec

A14-0G-IBN-Band

|> 85 sec

A14-0G-IBN-Band

|> 85 sec

A14-0G-IBN-Band

|> 85 sec

A14-0G-IBN-Band

|> 85 sec

A14-0G-IBN-Band

|> 85 sec

A14-0G-IBN-Band

A14-OG-IBN-Band

A14-0G-IBN-Band

A14-0G-IBN-Band

A14-0G-IBN-Band

A14-0G-IBN-Band

Location

A14-0G-IBN-Band

A14-0G-IBN-Band

A14-0G-IBN-Band

A14-0G-IBN-Band

A14-0G-IBN-Band

A14-0G-IBN-Band

A14-0G-IBN-Band

A14-0G-IBN-Band

A14-0G-IBN-Band

A14-0G-IBN-Band

A14-0G-IBN-Band

A14-0G-IBN-Band

A14-0G-IBN-Band

A14-0G-IBN-Band

A14-0G-IBN-Band

A14-0G-IBN-Band

HPP type |Veh. class |VIN Engine type Vehicle type/data version [Start time [s]Inspection date
CP4.4 B8 03-5-4151 R4 TDI, 2.0L-EU5 [03L 906 022 Ka 4235 9 15.01.2009
CP4.1 B8 03-5-4157 R4 TDI, 2.0L-EU5 [031 906 022 MJ 4227 11 15.01.2009
CP4.1 B8 03-5-4164 R4 TDI, 2.0L-EU5 [031 906 022 MJ 4227 11 15.01.2009
CP4.1 B8 03-5-4160 R4 TDI, 2.0L-EU5 [031L 906 022 MJ 4227 12 15.01.2009
CP4.1 B8 03-5-4167 R4 TDI, 2.0L-EU5 [031 906 022 MJ 4227 12 15.01.2009
CP4.1 B8 03-5-4155 R4 TDI, 2.0L-EU5 [031 906 022 MG 4224 12 15.01.2009
CP4.1 B8 03-5-4158 R4 TDI, 2.0L-EU5 [031L 906 022 MR 4230 14 15.01.2009
CP4.1 B8 03-5-4162 R4 TDI, 2.0L-EU5 [031. 906 022 MP 4233 14 15.01.2009
CP4.1 B8 03-5-4171 R4 TDI, 2.0L-EU5 [031 906 022 MJ 4227 14 15.01.2009
CP4.1 B8 03-5-4178 R4 TDI, 2.0L-EU5 [03L 906 022 MJ 4227 14 15.01.2009
CP4.1 B8 03-5-4174 R4 TDI, 2.0L-EU5 [031 906 022 MG 4224 14 15.01.2009
CP4.1 B8 03-5-4176 R4 TDI, 2.0L-EU5 [031L 906 022 MG 4224 14 15.01.2009
CP4.2 B8 03-5-4153 V6TDI,2.?_L-EU5 8K1 907 401 B 0003 9 15.01.2009
CP4.2 B8 convertilj48-3-4002 V6 TDI, 3.0L-EU5 |s8r0 907 401 C 0001 11 15.01.2009
CP4.2 B8 convertilj 50-2-4002 V6 TDI, 3.0L-EU5 |s8r0 907 401 C 0001 11 15.01.2009
CP4.2 B8 convertilj 50-2-4004 V6 TDI, 3.0L-EU5 |8k0 907 401 C 0001 12 15.01.2009
CP4.2 B8 convertilj 50-5-4003 V6 TDI, 3.0L-EU5 |8r0 907 401 C 0001 12 15.01.2009
Initial start times, 2/6/2009

HPP type |Veh. class |VIN Engine type Vehicle type/data version [Start time [s]Inspection date
CP4.1 B8 07-1-4254 R4 TDI, 2.0L-EU5 |03L 906 022 MG 4375 8 06.02.2009
CP4.1 B8 07-1-4257 R4 TDI, 2.0L-EU5 |03L 906 022 MG 4375 8 06.02.2009
CP4.1 B8 07-1-4258 R4 TDI, 2.0L-EU5 |03L 906 022 MK 4379 8 06.02.2009
CP4.1 B8 07-1-4261 R4 TDI, 2.0L-EU5 |03L 906 022 MJ 4378 9 06.02.2009
CP4 B8 07-1-4262 R4 TDI, 2.0L-EU5 |03L 906 022 NG 4295 7 06.02.2009
CP4A B8 07-1-4264 R4 TDI, 2.0L-EU5 |[03L 906 022 MK 4379 7 06.02.2009
CP4.1 B8 07-1-4266 R4 TDI, 2.0L-EU5 |03L 906 022 MK 4379 7 06.02.2009
CP4.1 B8 07-1-4180 R4 TDI, 2.0L-EU5 |03L 906 022 MJ 4378 7 06.02.2009
CP4.1 B8 07-1-4269 R4 TDI, 2.0L-EU5 |03L 906 022 MR 4381 7 06.02.2009
CP4A B8 07-1-4270 R4 TDI, 2.0L-EU5 |[03L 906 022 MK 4379 8 06.02.2009
CP4 B8 07-1-4276 R4 TDI, 2.0L-EU5 |03L 906 022 MK 4379 6 06.02.2009
CP4A B8 07-1-4278 R4 TDI, 2.0L-EU5 |03L 906 022 MJ 4378 8 06.02.2009
CP4 B8 07-1-4279 R4 TDI, 2.0L-EU5 [03L 906 022 MJ 4378 7 06.02.2009
CP4A B8 07-1-4281 R4 TDI, 2.0L-EU5 |03L 906 022 MJ 4378 7 06.02.2009
CP4 B8 07-1-4282 R4 TDI, 2.0L-EU5 [03L 906 022 MJ 4378 7 06.02.2009
CP4.1 B8 07-1-4285 R4 TDI, 2.0L-EU5 |03L 906 022 MM 4377 8 06.02.2009
CP4.2 B8 07-1-4284 V6 TDI, 2.7L-EU5 |8K1 907 401 B 0003 8 06.02.2009
CP4.2 B8 convertible V6 TDI, 3.0L-EU5

A14-0G-IBN-Band
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ENTIRE PAGE CONFIDENTIAL
C6PA engine initial start times - Diesel

Initial start times, January 15, 2009

15.01.2009  [N[eTaBi¢=Telo

15.01.2009 [gI{V=Nele]g

HPP type|Veh. class |Veh. name Engine type Vehicle type/data version [Btart time [s]Inspection date|Inspector
CP4.1 C6 03-5-2342 R4 TDI, 2.0L-EU5 [03L 906 022 FH 3812 7

CP4.1 C6 03-5-2326 R4 TDI, 2.0L-EU5 [03L 906 022 SB 3787 7

CP4.1 C6 03-5-2323 R4 TDI, 2.0L-EU5 |03L 906 022 FH 3812 8 15.01.2009
CP4.1 C6 03-5-2297 R4 TDI, 2.0L-EU5 |03L 906 022 FL 3810 9 15.01.2009
CP4.1 C6 03-5-2321 R4 TDI, 2.0L-EU5 [03L 906 022 FH 3812 9 15.01.2009
CP4.1 C6 03-5-2348 R4 TDI, 2.0L-EU5 [03L 906 022 FG 3811 9 15.01.2009
CP4.1 C6 03-5-2306 R4 TDI, 2.0L-EU5 |03L 906 022 SB 3787 10 15.01.2009
CP4.1 C6 03-5-2312 R4 TDI, 2.0L-EU5 |03L 906 022 FG 3811 10 15.01.2009
CP4.1 C6 03-5-2317 R4 TDI, 2.0L-EU5 [03L 906 022 SB 3787 10 15.01.2009
CP41 C6 03-5-2325 R4 TDI, 2.0L-EU5 [03L 906 022 FG 3811 10 15.01.2009
CP4.1 C6 03-5-2352 R4 TDI, 2.0L-EU5 |03L 906 022 SB 3787 10 15.01.2009
CP4.1 C6 03-5-2339 R4 TDI, 2.0L-EU5 |03L 906 022 FH 3812 11 15.01.2009
CP41 C6 03-5-2330 R4 TDI, 2.0L-EU5 [03L 906 022 SB 3787 11 15.01.2009
CP4.1 C6 03-5-2360 R4 TDI, 2.0L-EU5 [03L 906 022 FL 3810 11 15.01.2009
CP41 |C6 03-5-2300 R4 TDI, 2.0L-EU5 |03L 906 022 SB 3787 12 15.01.2009
CP4.1 C6 03-5-2206 R4 TDI, 2.0L-EU5 |03L 906 022 SB 3787 12 15.01.2009
CP42 |C6 03-5-2305 V6 TDI, 2.7L-EU5 [4F7 910 401 004 7 15.01.2009
CP42 |[C6 03-5-2318 V6 TDI, 2.7L-EU5 |4F7 910 401 004 7 15.01.2009
CP42 |C6 Allroad |03-5-2295 V6 TDI, 2.7L-EU5 [4F7 910 401 F 006 8 15.01.2009
CP42 |[C6 03-5-2335 V6 TDI, 2.7L-EU5 |4F7 910 401 004 8 15.01.2009
CP4.2 |C6 Allroad |03-5-2398 V6 TDI, 2.7L-EU5 |4F7 910 401 F 006 8 15.01.2009
[CP4.2 |C6 03-5-2302 V6 TDI, 2.7L-EU5 |4F7 910 401 F 006 10 15.01.2009
CP42 |[C6 03-5-2316 V6 TDI, 2.7L-EU5 [4F7 910 401 004 11 15.01.2009
CP42 |[C6 03-5-2327 V6 TDI, 2.7L-EU5 [4F7 910 401 004 11 15.01.2009
CP4.2 |Cé 03-5-2279 V6 TDI, 2.7L-EU5 |4F7 910 401 004 11 15.01.2009
CP42 |C6 Aliroad |03-5-2286 V6 TDI, 3.0L-EU5 |4F9 910 401 E 007 i 15.01.2009
CP42 |[C6 03-5-2291 V6 TDI, 3.0L-EU5 [4F9 910 401 Q@ 005 8 15.01.2009
CP42 |[C6 03-5-2367 V6 TDI, 3.0L-EU5 [4F2 910 115 K 002 8 15.01.2009
CP4.2 C6 03-5-2099 V6 TDI, 3.0L-EU5 |4F9 910 401 E 007 8 15.01.2009
CP42 |C6 03-5-2338 V6 TDI, 3.0L-EU5 |4F9 910 401 E 007 9 15.01.2009
CP42 |C6 03-5-2329 V6 TDI, 3.0L-EU5 [4F9 910 401 E 007 10 15.01.2009
CP42 |[C6 03-5-2336 V6 TDI, 3.0L-EU5 [4F9 910 401 E 007 10 15.01.2009
CP4.2 C6 03-5-2319 V6 TDI, 3.0L-EU5 |4F9 910 401 E 007 11 15.01.2009

Initial start times. 2/6/2009

Prefilling

Location

ent remo

> 120 sec A14-OG-IBN-Band
> 120 sec A14-OG-IBN-Band
> 120 sec A14-0G-IBN-Band
> 120 sec A14-0OG-IBN-Band
> 120 sec A14-OG-IBN-Band
> 120 sec A14-OG-IBN-Band
> 120 sec A14-0G-IBN-Band
> 120 sec A14-OG-IBN-Band
> 120 sec A14-OG-IBN-Band
> 120 sec A14-OG-IBN-Band
> 120 sec A14-0G-IBN-Band
> 120 sec A14-OG-IBN-Band
> 120 sec A14-OG-IBN-Band
> 120 sec A14-OG-IBN-Band
> 120 sec A14-0G-IBN-Band
> 120 sec A14-0OG-IBN-Band
> 240 sec A14-OG-IBN-Band
> 240 sec A14-OG-IBN-Band
> 240 sec A14-OG-IBN-Band
> 240 sec A14-OG-IBN-Band
> 240 sec A14-0G-IBN-Band
> 240 sec A14-0OG-IBN-Band
> 240 sec A14-OG-IBN-Band
> 240 sec A14-OG-IBN-Band
> 240 sec A14-0G-IBN-Band
> 240 sec A14-0OG-IBN-Band
> 240 sec A14-OG-IBN-Band
> 240 sec A14-OG-IBN-Band
> 240 sec A14-0G-IBN-Band
> 240 sec A14-OG-IBN-Band
> 240 sec A14-OG-IBN-Band
> 240 sec A14-OG-IBN-Band
> 240 sec A14-0G-IBN-Band
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HPP type|Veh. class |Veh. name Engine type Vehicle type/data version [Btart time [s]Inspection date|Inspector
CP41 |C6 07-2-2253 R4 TDI, 2.0L-EU5 [03L 906 022 FL 3810 6 06.02.2009
CP41 |[C6 07-2-2256 R4 TDI, 2.0L-EU5 [03L 906 022 FG 4397 8 06.02.2009
CP41 C6 07-2-2258 R4 TDI, 2.0L-EU5 |03L 906 022 FL 3810 6 06.02.2009
CP41 |C6 07-2-2260 R4 TDI, 2.0L-EU5 |03L 906 022 FH 3812 8 06.02.2009
CP41 |C6 07-2-2267 R4 TDI, 2.0L-EU5 [03L 906 022 SB 3787 7 06.02.2009
CP41 |C6 07-2-2274 R4 TDI, 2.0L-EU5 [03L 906 022 FG 4397 9 06.02.2009
CP41 C6 07-2-2275 R4 TDI, 2.0L-EU5 |03L 906 022 FG 4397 6 06.02.2009
CP4.1 C6 07-2-2279 R4 TDI, 2.0L-EU5 |03L 906 022 FG 4397 6 06.02.2009
CP41 |C6 07-2-2282 R4 TDI, 2.0L-EU5 [03L 906 022 SB 3787 6 06.02.2009
CP41 |[C6 07-2-2186 R4 TDI, 2.0L-EU5 [03L 906 022 FL 3810 7 06.02.2009
CP4.1 C6 07-2-2288 R4 TDI, 2.0L-EU5 |03L 906 022 SB 3787 6 06.02.2009
CP41 |[C6 07-2-2301 R4 TDI, 2.0L-EU5 |03L 906 022 FG 4397 6 06.02.2009
CP41 |[C6 07-2-2304 R4 TDI, 2.0L-EU5 [03L 906 022 FH 3812 6 06.02.2009
CP42 |[C6 07-2-2249 V6 TDI, 2.7L-EU5 |4F7 910 401 004 8 06.02.2009
CP4.2 |C6 07-2-2101 V6 TDI, 2.7L-EU5 |4F7 910 401 004 10 06.02.2009
CP42 |[C6 07-2-2252 V6 TDI, 2.7L-EU5 |4F7 910 401 F 006 7 06.02.2009
CP42 |[C6 07-2-2259 V6 TDI, 2.7L-EU5 [4F7 910 401 F 006 11 06.02.2009
CP42 |[C6 07-2-2265 V6 TDI, 2.7L-EU5 |4F7 910 401 004 8 06.02.2009
CP42 |Cs6 07-2-2269 V6 TDI, 2.7L-EU5 |4F7 910 401 004 8 06.02.2009
CP42 |[C6 07-2-2271 V6 TDI, 2.7L-EU5 [4F7 910 401 004 6 06.02.2009
CP4.2 |C6 07-2-2277 V6 TDI, 2.7L-EU5 |4aF7 910 401 004 7 06.02.2009
CP42 |[C6 07-2-2295 V6 TDI, 2.7L-EU5 |4F7 910 401 004 8 06.02.2009
CP42 |[C6 07-2-2284 V6 TDI, 2.7L-EU5 [4F7 910 401 004 9 06.02.2009
CP42 |[C6 07-2-2303 V6 TDI, 2.7L-EU5 [4F7 910 401 004 9 06.02.2009
CP4.2 |C6 07-2-2291 V6 TDI, 2.7L-EU5 |4F7 910 401 004 7 06.02.2009
CP4.2 |C6 07-2-2286 V6 TDI, 2.7L-EU5 |4F7 910 401 004 7 06.02.2009
CP42 |[C6 07-2-2247 V6 TDI, 3.0L-EU5 [4F9 910 401 Q@ 005 8 06.02.2009
CP42 |[C6 07-2-2257 V6 TDI, 3.0L-EU5 [4F9 910 401 E 007 7 06.02.2009
CP4.2 C6 06-4-2174 V6 TDI, 3.0L-EU5 |4F9 910 401 E 007 10 06.02.2009
CPa2 |C6 07-2-2263 V6 TDI, 3.0L-EU5 |4F9 910 401 Q0 005 10 06.02.2009
CP42 |C6 07-2-2264 V6 TDI, 3.0L-EU5 [4F9 910 401 E 007 10 06.02.2009
CP42 |[C6 07-2-2268 V6 TDI, 3.0L-EU5 [4F9 910 401 E 007 8 06.02.2009
CP4.2 |C6 07-2-2276 V6 TDI, 3.0L-EU5 [4F9 910 401 E 007 7 06.02.2009
CP42 |[C6 07-2-2278 V6 TDI, 3.0L-EU5 |4F9 910 401 E 007 9 06.02.2009
CP42 |[C6 07-2-2281 V6 TDI, 3.0L-EU5 [4F9 910 401 E 007 8 06.02.2009
CP42 |[C6 07-2-2283 V6 TDI, 3.0L-EU5 [4F9 910 401 E 007 8 06.02.2009
CP4.2 C6 07-2-2287 V6 TDI, 3.0L-EU5 |4F9 910 401 Q 005 10 06.02.2009
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EA11003EN-00116[3] C6PA enqine initial start times - Diesel
[CP4.2~ [C6 07-2-2141 V6 TDI, 3.0L-EU5 [4F9 910 401 E 007 9 06.02.2009 [IREETELA [> 240 sec A14-0G-IBN-Band
CP4.2 |C6 07-2-2300 V6 TDI, 3.0L-EU5 [4F9 910 401 F 006 6 06.02.2009 il |~ 240 sec A14-OG-IBN-Band
CP4.2 C6 07-2-2289 V6 TDI, 3.0L-EU5 [4F9 910 401 E 007 6 06.02.2009 > 240 sec A14-OG-IBN-Band
CP4.2 |Cé6 07-2-2305 V6 TDI, 3.0L-EU5 |4F9 910 401 E 007 11 06.02.2009 > 240 sec A14-0G-IBN-Band
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CP4.2 engine measurements, tappet move-

ment about the vertical axis
Task:

* Measurements at the W19 CO2 engine: Tappet movement about the vertical axis

Test execution:

* CP4.2 2x4.85mm

* Test sequences:
* Ramp 1,000 - 4,500 (5,000) rpm engine speed
e Engine Start/Stop
* MVEG Test

* Parameter:

* Fuel:Diesel (measured density at approx. 30 °C: 828 kg/m?)
eKerosene (measured density at approx. 30°C: 781 kg/m?)
* Runoff position of the pump in US, LS and in the flanks below 45°

Measuring equipment
» Data acquisition of analog data LTT 186/16
» CP4.2 equipped with instruments:
» Tappet movement about vertical axis, axial path of camshaft,

» Shear stress of tappet spring and acceleration at the pump housing
e US pump

* Engine speed

Diesel systems
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CP4.2 engine measurements, tappet move-

ment about the vertical axis

Sequence and number of measurements:

Fuel Starts | Ramps Warm-up MVEG | Other
1000-4500 rpm | 20 - 30 min
. Turning: clockwise /
Diesel 11 6 2 1 anticlockwise

Reassembly of cylinder heads for C-coated pistons

Diesel 2 1

1

Switching to kerosene (about 45 minutes engine run)

Kerosene | 7 3

1

Switching to diesel (about 45 minutes

engine run)

Diesel 9

1

Reassembly of right cylinder head for p__element measurement

Diesel 10 2

1

Towing, rotation
by hand

Engine running time with kerosene approximately 1.5 to 2 hours

Diesel systems

nfidential | K
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CP4.2 engine measurements, tappet move-

ment about the vertical axis
Max. tappet movement about the vertical axis (peak to peak):

Fuel Motor starts rotation Ramps 1000-4500 rpm Other
angle [°] rotationangle [°]
left cylinder right cylinder left cylinder Right cylinder
Diesel 1.5 0.4 1.0 0.4
Reassembly of cylinder heads for C-coated pistons
Diesel 7** g 2.4 (0.5) | 2.6 (0.4) ** Before start-up
Switching to kerosene (about 45 minutes engine run)
Kerosene | 1.2 (6) 1 0.4 0.8 () for last measurement
Switching to diesel (about 45 minutes engine run)
Diesel |6 1.5 0.4 0.5 Y
Reassembly of right cylinder head for p_Element measurement '
Diesel 6 1 0.4 0.5

**After cylinder head assembly, without spring clearance before
start-up () Values m m in brackets at 4500 rpm after start-up

Diesel systems
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CP4.2 engine measurements, tappet

movement about the vertical axis
Results:

* Turned tappet >1.5° found only in the start case
» During the last start with kerosene, turned tappet was 6° to the left cylinder
* After replacing oil with diesel, often 6° turned tappet during engine start

* No striking features during engine start-up under load at max. speed

Summary:

« Start case is more critical in terms of turned tappet than rpm ramp-up

* 6° turned tappet only at the 1st stroke of the pump to the left cylinder w thout p_EL
* For photo documentation of drivetrain parts of metering pump, see following slides

Further work:
» Evaluation of all measurements
« Evaluation of the measured spring shear stresses

» Evaluation of the measured acceleration signals

Diesel systems
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CP4 tests at the engine with diesel / kerosene

Fact
-> Photo documentation of CP4.2 drivetrain parts after tests for the Audi engine with

diesel and kerosene

-> Turned tappet measurements carried out during start tests.
-> Significant winding on the roller tappet to the left (about 6°) measured

-> Results:

-> Light edge support on the cam in cam run-up

-> Alignment mark in LS
-> Skewing of the roller in the cam profile recognizable
-> 2 skid marks on the roller, left roller as well as 2 very fine skid marks on the running surface

of the right roller

Diesel systems
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CP4 tests at the engine with diesel / kerosene

Camshaft images

Roller alignment
mark in LS

Skewing of the
roller in the
cam run-down

Diesel systems
6 Vertraulich |—

!
right to use, such as right to copy and disclose,

2010 | © All rights re

Camrun-up
LSEto US1

4

Rounding the edge
in cam run-up

Slight smoothening in the
center of the cam ->
Indication of winding in US
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EA11003EN-00122[6]

CP4 tests at the engine with diesel / kerosene

Roller images

_~ Skid marks
Fine
Skid marks

Diesel systems
7 Confidential |_ 02.08.2010 | © All rights reserved by Robert Bosch GmbH, also with regards to industrial property rights. We reserve any
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CP4.2 engine measurements, tappet move-

ment about the vertical axis
Detailing:

» Engine start prior to rpom ramp-up
* Engine start after rom ramp-ups
* Engine start

* Engine start

* Engine start pump partly vented, vented with
measurement p_El

* rpm ramp-up after cylinder head assembly
Without clearance ("assembly pre-stressing spring”)

e rpm ramp-up 1000-max. rpm var. load
* rpm ramp-up 1000-max. rpm var. load

Diesel systems
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CP4.2 engine measurements, tappet move-

ment about the vertical axis

Tappet angle of rotation at engine start: Overview of start with diesel, before rom ramp-up Diesel
Start_0003_0000_a: AngleOfRotation_cy!1_Start_0003_0000 Start_0003_0000_a: AngleOfRotation_cyl2_Start_0003_0000
Start_0003_0000_a: rail pressure_Start_0003_0000 Start_0003_0000_a: speed_xy_engine_red

-0.4
Tappet_angle of 0.8
rotation of left cylinder

1.2

0.0
Tappet_angle of rotation
of right cylinder -0.4

-0.8

bar

400 —

300 —
p_Rail 200 —|

100 —

1043 rpm 1,2 —]
_ | =

1.0 — —

08 — ragiaRe = = e

06 — -
Speed o

02 —

o~
T | | | | |
0 2 4 6 8 10
02.08.2010 | @ All rights reserved by Robert Bosch GmbH. also with

9 ch as right to copy and disclose




ENTIRE PAGE CONFIDENTIAL
EA11003EN-00122[9]

CP4.2 engine measurements, tappet move-

ment about the vertical axis
Tappet angle of rotation at engine start: Detailed start with diesel Diesel

Start_0003_0000_a: AngleOfRotation_cy!1_Start_0003_0000
Start_0003_0000_a: TDC_cyl1_Start_0003_0000
Speed_stgren

Start_0003_0000_a: AngleOfRotation_cyl2_5Start_0003_0000_xy
Start_0003_0000_a: rail pressure_Start_0003_0000

04 —
Tappet_angle of 08 —
rotation of left
cylinder 12—

04 —
Tappet_angle of 08  —
rotation of right g —
cylinder
v
TDC left cylin-
der of both =
cams
bar
400 —

300 —

p_ra Il - | MM —
100 — M,.————"""-.
—

10°3 rpm

0.8 —

06 —

n_pump 04: —
0.2 — . o

g
i | | | | | | | I | | | | I | | | | | |
0 45 90 135 180 225 270 315 360 405 450 495 540 585 630 675 720 765 810 855 900

Angle of rotation of pump in degrees

BOSCH
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CP4.2 engine measurements, tappet move-

ment about the vertical axis

Tappet angle of rotation at engine start: Overview of start with diesel, after 6 rom ramp-ups Diesel

Start_0000_TDC_Z10001_a: AngleOfRotation_cyl1_Start_0000_TDC_Z10001 Start_0000_TDC_Z10001_a: AngleOfRotation_cyl2_Start_0000_OT_Z10001
Start_0000_TDC_Z10001_a: rail pressure_Start_0000_TDC_Z10001 ————— Start_0000_TDC_Z10001_a: speed_xy_engine_red_

-0.8

Tappet_angle of rotation™'-2

of left cylinder 16—

-2.0

Tappet_angle of rotation =2
of right cylinder 04

-0.8

bar

400 Eer
300 —
p_Rail

200 —

100 -

103 rpm
08 —

06 — \

Speed R

n' 2 - ’ ..-". £

Diesel systems
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CP4.2 engine measurements, tappet move-

ment about the vertical axis
Tappet angle of rotation at engine start: Detailed start with diesel, after 6 rpm ramp-ups

Start_0000_TDC_Z10001_a: AngleOfRotation_cyl1_S0000_TDC_Z10001
Start_0000_TDC_Z10001_a: TDC_cyl1_Start_0000_TDC_Z10001
Speed_stgren

Diesel

Start_0000_TDC_Z10001_a: AngleOfRotation_cyl2_Start_0000_TDC_Z10)
~ Start_0000_TDC_Z10001_a: rail pressure_Start_0000_TDC_Z10001

08 _ |
42—
Tappet_angle of rotation
of left cylinder 16—
20 —
0.0 —
Tappet_angle of rotation; , |
of right cylinder
08 —
v
TDC left cylin-
der of both ==
cams
bar
400 —
. 300 —
W”"‘
100 — M
103 rpm
0.8 —
06 —
n_pump 04 —
02 —
o I I | I I I I I I I | | | | | | | [ I |
0 45 90 135 180 225 270 315 360 405 450 495 540 585 630 675 720 765 810 855 900
Angle of rotation of pump in degrees
Diesel systems B H
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CP4.2 engine measurements, tappet move-

ment about the vertical axis

Tappet angle of rotation at engine start: Overview of start with kerosene Kerosene

of left cylinder

Tappet_angle of rotation
of right cylinder

p_Rail

rpm

Speed

13 Confidential (Nelag

ragards to industrial property rights. We reserve

Kerosene_Start_TDC_0000_a: AngleOfRotation_cyl1_Kerosene_Start_TDC_0000
Kerosene_Start_TDC_0000_a: rail pressure_Kerosene_Start_TDC_0000

04

Tappet_angle of rotation 00

-0.4

12

0.8

400
300
200

100

800
600
400

200

Diesel systems
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CP4.2 engine measurements, tappet move-

ment about the vertical axis

Tappet angle of rotation at engine start: Detailed start with kerosene Kerosene
—— Kerosene_Start_TDC_0000_a: AngleOfRotation_cyl1_Kerosene_Start_TDC_0000 Kerosene_Start_TDC_0000_a: AngleOfRotation_cyl2_Kerosene_Start_TOC_0000
Kerosene_Start_TDC_0000_a: TDC_cyl1_Kerosene_Start_TDC_0000 Kerosene_Start_TDC_0000_a: rail pressure_Kerosene_Start_TDC_0000
Speed_stgren
04 —
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of left cylinder el s
T N
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of right cylinder 12—
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v
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der of both
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0 — = —
bar 400 |
300 —
. L ————
p_rail 200 — Ll ———
100 — e
o e e ————————————
rpm 600 —
400 —
n_pump 200 — e 2R
e et i i
| | | I | | | | | | | | | | I | | | | |
i] 45 90 135 180 225 270 315 360 405 450 495 540 585 63230 675 720 765 810 855 900
Angle of rofation of pump in degrees
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CP4.2 engine measurements, tappet move-

ment about the vertical axis
Tappet angle of rotation at engine start: Overview of start with diesel after kerosene test Diesel

Start_z1_a5beforeTDC_0001_a: AngleOfRotation_cyl2_Start_Z1_45beforeTDE_0001R

Start_Z1_45beforeTDC_0001_a: AngleOfRotation_cyl1_Start_Z1_45beforeTDC_0001

Slarl_Z1_45bef0reTDC_Ooﬂﬂpressure_smn_ﬂ_‘lﬁbeforeTDG_UOlM /\ Start_Z1_45beforeTDC_0001_a: speed_xy_engine_red_
[ see slide 6 see slide 7
4
Tappet_angle of rotation
of left cylinder
0 -‘L A —
| |
1 ; | il i
. -0a !— 111
Tappet_angle of rotation 11| | | il |
' ; . il |
of right cylinder 08 , , g ‘ ‘ ! |
AR
1.2 A ‘ (AR
bar 400
300
200
p_rail 100
rem
800
600
400
Speed
200

Diesel systems
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CP4.2 engine measurements, tappet move-

ment about the vertical axis
Tappet angle of rotation at engine start: Overview of start with diesel after kerosene test Diesel

Start_Z1_45beforeTDC_0001_a: AngleOfRotation_cyl1_Start_Z1_45beforeTDC_0001
Start_Z1_45beforeTDC_0001_a: TDC_cyl1_Start_Z1_45beforeTDC_0001

Start_Z1_45beforeTDC_0001_a: AngleOfRotation_cyl2_Start_Z1_45beforeDC_0001

5 —_—

4 —1
Tappet_angle of rotation
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1 —_—
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02
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rotation of right 109 —

cylinder s
14—
v — —_—
g —
6 —I
TDC leftcylin-  , |
der of both
cams 2 —
| — L]

| I | | | | | |
0 45 80 135 180 225 270 315 360

Angle of rotation of pump in degrees
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CP4.2 engine measurements, tappet move-

ment about the vertical axis
Tappet angle of rotation at engine start: Overview of start with diesel after kerosene test Diesel

_AngleOfRotation_cyl1_Start_Z1_45beforeTDC_0001
_TDC_cyl1_Start_Z1_45beforeTDC_0001
Speed_stgren

_AngleOfRotation_cyl2_Start_Z1_45beforeTDC_0001
_Rail pressure_Start_Z1_45beforeTDC_0001

Tappet_angle of rotation0 4
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04 —
04 —
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rotation of right 12 —
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v
TDC left cylin-
5 Sl
der of both
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bar
400 —
. 300 —
W"‘m
p_Ra" 200 et ---""N'-—WW
100 = MW
103 rpm
08 —
n_pump 06 —
04 —
02 —
P ucum
| | | | | | | | | | | | | | | | | | | |
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Angle of rotation of pump in degrees
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CP4.2 engine measurements, tappet move-

ment about the vertical axis
Tappet angle of rotation at engine start: Detailed start after assembly p_EL ZK on the right cylinder Diesel

Start_Z1_TDC_mpEL_after_installation_0000_a: AngleOfRotation_cyl1_Start_Z1_TDC_mpEL_after_installation_0000 Start Z1_TDC_mpEL_after_installation_0000_a: AngleOfRotation_cyl2_Start Z1_TDC_mpEL_after_installation] 0000

Start_Z1_TDC_mpEL_after_installation_0000_a: p_EI_Start_Z1_TDC_mpEL_after_installation_0000 : . ) A ;
Start_Z1_TDC_mpEL_after_installation_0000_a: speed pump_Start_Z1_TDC_mpEL_after_installation_0000 St 21 DG meEL aRer Instllation- 0000°&: TOC-cylt. Star. 23 TOC.mpEL sherinstsiiaion ‘0040
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N yi—
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. 200 —
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v il I — B —d— L — -; ——— ; 7 <
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800
n_pump 600
400
200
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CP4.2 engine measurements, tappet move-

ment about the vertical axis

Tappet angle of rotation at engine start: 3 starts pump filled Diesel
Start_Z1_onBDC_after_50rpm_0000_a: AngleOfRotation_cyl1_Start_Z1_onBDC_after_50rpm_0000 Start_7Z1_onBDC_after_50rpm_0000_a: AngleOfRotation_cyl2_Start_Z1_on BDC_after_50rpm_0000
Start_Z1_onBDC_after_50rpm_0000_a: p_EI_Start_Z1_onBDC_after_50rpm_0000 Start_Z1_onBDC_after_50rpm_0000_a: TDG_cy/1_Start_Z1_onBDC_after_50rpm_0000

Start 1 Start 2 Start 3
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W 1 n DN S P RN S ] " Y - — S8 Vi R —
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400 —
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1 | | | |
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s
s syStems BOSCH
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CP4.2 engine measurements, tappet move-

ment about the vertical axis

Tappet angle of rotation at engine start: Detailed start 1, pump filled Diesel
[ Start_Z1_onBDC_after_50rpm_0000_a: AngleOfRotation_cyl1_Start_Z1_onBDC_after_S0rpm_0000 Start_Z1_onBDC_after_50rpm_0000_a: AngleOfRotation_cyl2_Start_Z1_onBDC_after_50rpm_0000
Start_Z1_onBDC_after_50rpm_0000_a: p_E|_Start_Z1_onBDC_after_50rpm_0000 Start_Z1_onBDC_after_50rpm_0000_a: TDC_cyl1_Start_Z1_onBDC_after_50rpm_0000
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0o ]
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CP4.2 engine measurements, tappet move-

ment about the vertical axis
Tappet angle of rotation at engine start: Detailed start 1, pump filled, run-off to left LS Cylinder Diesel

Tappet_angle of rotation

Start_Z1_onBDC_after_50rpm_0000_a: AngleOfRotation_cy!1_Start_Z1_onBDC_after_50rpm_0000
Start_Z1_onBDC_after_50rpm_0000_a: p_E|_Start_Z1_onBDC_after_50rpm_0000
Start_Z1_onBDC_after_50rpm_0000_a: speed_xy_pump_red_

Start_Z1_onBDC_50rpm_0000_a: AngleOfRotation_cyl2_Start_Z1_onBDC_after_50rpm_0000
Start_Z1_onBDC_after50rpm_0000_a: TDC_cyl1_Start_Z1_onBDC_after_50rpm_0000
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CP4.2 engine measurements, tappet move-

ment about the vertical axis
Tappet angle of rotation at engine start: Detailed start 2, pump filled Diesel
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CP4.2 engine measurements, tappet move-

ment about the vertical axis

Tappet angle of rotation at engine start: Detailed start 2, pump filled, run-off to left LS Cylinder Diesel
_AngleOfRotation_cyl1_Start_Z1_onBDC_after_50rpm_0000 — _ﬁngleé-f—Rotatmn_cyl2_5lart_Z1_onBDC_after_SOrpm_UU'DO
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CP4.2 engine measurements, tappet move-

ment about the vertical axis
Tappet angle of rotation at engine start: Detailed start 2, pump filled, run-off to left LS Cylinder Diesel
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CP4.2 engine measurements, tappet move-

ment about the vertical axis
rpm ramp-up after cylinder head assembly without spring clearance Diesel
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CP4.2 engine measurements, tappet move-

ment about the vertical axis

rem ramp-up, 1000-5000 rpm engine

Diesel
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CP4.2 engine measurements, tappet move-

ment about the vertical axis

rpm ramp-up coasting, 1000-4300 rpm engine Diesel
r4500_Meun_1800bar_PWG0_0002_0000_a: UH_rotat_Hott_Z1_Speed r4500_Meun_1800bar_PWG0_0002_0000_a: OH_rotat_Hott_Z1_Speed
14500_Meun_1800bar_PWG0_0002_0000_a: UH_rotat_Hott_Z2_Speed r4500_Meun_1800bar_PWG0_0002_0000_a: OH_rotat_Hott_Z2_Speed
r4500_Meun_1800bar_PWG0_0002_0000_a: rail pressure_Speed
Tappet_angle ofrotation  ,, |
of leftcylinder
envelope
curves
-16 ——
s e b = = v oo I o g
—y —— - - - — -— — - n/ . N —
VS e I e e e T i b e l
04 — ———— A —
Tappet_angle of rotation ” e D
of right cylinder
envelope curves 08 —
bar 1800 =1
1800 —
1400 —
1200 —
1000 —
p_rail 800  — -
600 —
400 —
200 —
_ I | | | | | |
1.0 1.5 2.0 25 30 35 4.0
Engine speed 193 pm
oiese SYStems BOSCH




ENTIRE PAGE CONFIDENTIAL

EA11003EN-00122[27]

CP4.2 engine measurements, tappet move-

ment about the vertical axis
rem ramp-up full load, 1000-4500 rpm engine

Kerosene
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CP4.2 engine measurements, tappet move-

ment about the vertical axis
rem ramp-up coasting, 1000-4500 rpm engine Kerosene
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VW-R4 _2.0l_low: Notes on initial commissioning

VW-R4 (2.01_low) EU5
— CRS3.2 -

Notes on initial commissioning of CRS

In association with the cold test
Inspection

12/01/2005

BOSCH
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VW-R4 2.0l low: Notes on initial commissioning

To note during assembly

- Cleanliness requirements, particularly for supply lines to diesel
fuel filter.

- Installation and service notes.

—> Installation requirements (e.g. tightening torques), also see respective
component TCDs and proposal drawings.

Initial filling of injection system

- All TCD values must be followed!

- Permissible filling fluid: Diesel fuel compliant DIN EN590, however
HFRR < 400um

a
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VW-K4 2.0l low: Notes on initial commissioning

Recommendation before venting, initial commissioning, and cold test:

- Perform electrical check (e.g. CRI3.2: contacting, capacity
measurement for low voltages, etc.
{Note: pay attention to line lengths and resistances of connectors})

Venting of CR system is performed for
- the low-pressure circuits through the CP4 return,

- the high-pressure part (CP4, rail) through suction or HP valve, through
the PCVu in total return.

For cold test commissioning:

—> Activation does not take place through engine electronic control unit >
test bench control is needed
(Activation of PCVu, MU; CRI3.2 should not inject)

) BOSCH
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VW-K4 2.0l low: Notes on initial commissioning

Venting high-pressure fuel pump CP4 (without CP) with predelivery EFP

For CP4:

- Dry running of the high-pressure fuel pump is not allowed!

- Minimum filling/pre-pressure of 4.5bar_abs must always be ensured
through predelivery EFP .

- max. return pressure 1.8bar_abs U* (continuous running =1.8bar_abs
can cause damage to the shaft seal).

—> With a rail pressure of Obar, the max. drag speed is U* n,=300U/min.

- Operation of pump only permitted within pressure limit curve CP4
(Tab.1, Diag. 1).

01.12.05 | © All rights reserved by Robert Bosch GmbH, also with regards to industrial property rights. All
usage rights, including copying and distribution, reserved.
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vW-R4 2.0l _low: Notes on initial commissioning

Table 1:

Pump rotation speed [1/min] = 100 | 1000 = 2000 3000 = 4000 @ 4500 = 5000

Pump rotation speed [1/min] | 100 |~ 1000 = 2000 = 3000 = 4000 = 4500 = 5000
Rail pressure [bar] 300 1800 1800 1800 = 1800 & 1800 | 300

Diagram 1:

Limit pressure curves CP4.1

2100 -
1800 / x % 3 \
1500
1200

900 / \
600 / \
300 / \

100 1000 2000 3000 4000 4500 5000

Rail pressure [bar]

Pump speed [rpm.]
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VivV-R4 2.0l low: Notes on initial commissioning

1) LP/HP venting:

Continue filling the high-pressure fuel pump at a standstill until no further air
bubbles are visible in the CP return or overall return. (transparent inlet and
return lines recommended).

Notes: MU flow-free open; PCVu flow-free open; more efficient venting
through back pressure-free total return bottom/top Predelivery pressure >

4 .5bar abs.

2) Safe venting of HP part:

Depending on the configuration tolerance of suction/HP valve, possibly
already completed in step 1 through EFP admission pressure.

Venting of suction/HP valve of CP4 by turning the high-pressure fuel pump
with open (flow-free) PCVu until PCVu return is free of air bubbles.

- System venting is complete; the system is ready for operation.

0
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VW-R4_2.0l_low: Note on initial commissioning

For cold test commissioning:

3) Measurement of rail pressure fluctuation
l.e. test whether correct venting occurred or measurement of air

incurred during venting.

4) Test (e.g. test of high-pressure seal)
with e.g. 1600bar rail pressure and a pump speed of 1500 1/min. (i=1->
Nep = Nengine)- Proposal: Duration®” 30sec.

01.12.05 | @ All rights reserved by Robert Bosch GmbH, also with regards to industrial property rights. All
usage rights, including copying and distribution, reserved.
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VW-R4_2.0l_low: Note on initial commissioning

Proposal: Check HP seal in pure PCV operation (due to venting;
better through PCVu)

MU test: Function test through temporary closing of MU - Monitor
pressure range (MU;,=100%; not clocked; continuous flow

<1.7+0.1A)

At the end of the cold test, the fuel must remain in the system. To
transport the engine, seal the inlet and return connections of the injection
system tightly with plugs, since HP and LP system are short-circuited with
flow-free PCVu. This is intended to prevent leakage of the system,
particularly emptying of the rail.

Note: Filling of leakage rail not supported in cold test; only In
first start or hot test. Filling takes place through the control volume of the
injectors during injection.

EEIrTaEr I (01.12.05 | © All rights reserved by Robert Bosch GmbH, also with regards to industrial property rights. All
Nciuadmg copying and distribution, reserved.
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VW-R4_2.0l_low: Note on initial commissioning

No. | EKP CP4- CP4- Rail pressure | Pressure [Metering unit Remarks Min.- Max.
[bar retum pressure | Speed [bar] control duration | dyration
absolute] |[bar rpm valve u [sec.] [sec.]

absolute]
1 min.45 | 1.0-1.2 0 = opened opened CP LP/HP venting with electric fuel pump preliminary U =
max. 1.8 I=0A I=0A pressure CP supply: ensuring the fuel lubrication and venting
U of the overall system until CP return bottom/top pressure
control valve u return is free from bubbles
2 min. 4.5 10-12 Start 0 opened opened . . . o U= -
max. 18 | max. 300 i=0A i=0A For rellab.le venting after intake/HP valve \fentllallhon of the HP
U Hpart until pressure control valve u return is free from bubbles
3 |min.45 max;1 8 Start Start controls opened *Ventilation check i.e. measurement of the rail pressure To be 5! 80
U max. 300 (250) I=0A fluctuation calculated U
«If the start pressure is not achieved with stability after 60 s,
cancel the test
4 min. 4.5 max;1 8 b8 See controls opened Leakage test (temperature increase pressure control valve B 39
U Tablel Tablel i=0..07A - U

01.12.05 | © All rights reserved by Robert Bosch GmbH, also with regards to industrial property rights. All
usage rights, including copying and distribution, reserved.
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VW-R4_2.0l_low: Note on initial commissioning

Note in case of air intake to the LP system before CP4:

If an air column is delivered to the CP4 (e.g. restart after empty tank, through cutting
off CP inlet, after filter change) the CP4 cannot deliver the air column to the rail if the
PCVu is closed; no pressure build-up is possible.

In this case, the PCVu must be flow-free, i.e. open; only then can the air column be
routed through the CP piston to the rail, and then through the PCVu. If CP4.1 is not
critical since it is detectable = no pressure build-up possible.

—> SW is available for this purpose in the vehicle U*.

von-responsive content remaves 01.12.05 | © All rights reserved by Robert Bosch GmbH, also with regards to industrial property rights. All
1 0 usage rights, including copying and distribution, reserved.
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Version 2: CP4.1 + inline EFP before Filter

Leakage oil rail (LOL) with pressure retaining valve (DHV) ap_i,,, (injector side)=10.0 bar relative

Injectors ; 8
CRI3 .2 ._ I:m

AP _Op 4y (Electric fuel pump side)=0.3 bar relative

p_Return <= 1.8bar abs _ __ U* ) )
F * :’{Mi .‘x\
' R ——
Pressure ( T-dependent
changeover (KF
control 2 ( )W 1=
valve Fuel
(DRV3u) cooler
air
L.y - (air)
2 - = ,J_\
Inline-EKP {\4 |
r -
i = /"T\\ J
<+ Rail T 3
1
H G ' Fuel filter (with KF and RSV
E water separator)
]
| TR

—— High pressure

__ Low pressure o .
P Recommended inside line diameter

:*3) : gﬁgz?oilv i >= 8 mm for flow rates <=220 I/h

(setpoint 3.3 +/- 0.1 bar at 50 I/h)

UIS tank module TEE with EKP
Q-bearing <= 70 I/h at dp_CP = 3.3 bar RSV and inlet-operated SP

EI 01.12.05 | © All rights reserved by Robert Bosch GmbH, also with regards to industrial property rights. All
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Version 3: CP4.1 + inline EFP after Filter

Leakage oil rail (LOL) with pressure retaining valve (DHV) Ap_Opyyinjector side)=10.0 bar relative

Injectors —l AP _0pv(Electric fuel pump side)=0.3 bar relative
CRI3.2 | 2::; I

p_Return <= 1.8bar_abs uU* ) : us o |
* _a-: : -\\

T-deper;dent \E
Pressure changeover (KF){ I
control : —
valve : ' "
(DRV3u) ue
oy cqoler
= 3 - (air)
Inline-EKP AN l
<« Rral ' {;’:\ H 5,
L H Fuel filter (with KF and
i water separator)
— High pressure CR4:1
o Ic_)o:;.foagelssure Recommended inside line diameter
. s >= 8 mm for flow rates <=220 I/h
(setpoint 3.3 +/- 0.1 bar at 50 I/h) A
UIS tank module TEE with EKP

Q-bearing <= 70 I/h atdp_CP = 3.3 bar RSV and inlet-operated SP
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ST i \on-responsive content removed
To:

CC:
Date: 5/26/2008 4:40:14 PM

Subject: FW: Abridged minutes for on-site meeting on 23/04/2008, Audi

measurement of cold and h operation for R4, 2.0-lire engine
Attachments: |nbetriebnahme CP4 Audi 100408.pdf

7900875d Zu 000 VW-R4 2.0l Hinweise zur Erstinbetriebnahme von CRS3.2.pdf
EHP2 4144 VN5881 Auswertung Kalttest | Tr.odf
Triebwerkschaden .xls
EHP2 4148 VN5881 Auswertung Hottest [T .oof

I cxemplary

I hope that you are feeling much better!
Since your mailbox was full, please find attached once again the minutes from our joint
meeting regarding measurements on the R4 2.0-liter cold and hot test in -

Mit freundlichem Griissen /Best Regards

Robert Bosch GmbH
Non-responsive content removed

70049 Stuttgart
www.bosch.com

Non-responsive content rem
oved

Robert Bosch GmbH, registered office: Stuttgart, registration court: local court Stuttgart, HRB 14000
Chairman of the Supervisory Board Hermann Scholl;

Management: Franz Fehrenbach, Siegfried Dais, Bernd Bohr, Wolfgang Chur, Rudolf Colm,
Gerhard Kimmel, Wolfgang Malchow, Peter Marks, Volkmar Denner, Peter Tyroller

mcved

From:
Sent: Wednesday, May 07, 2008 3:15 PM

Non-responsive content removed
Cc: Non-responsive content removed

Subject: Abridged minutes for on-site meeting on 23/04/2008, Audi Gydr,exemplary measurement of cold and hot test operation for R4, 2.0-liter
engine

Abridged minutes for on-site meeting on 23/04/2008, Audi [
Exemplary measurement of cold and hot test operation for R4, 2.0-liter engine by Bosch

TN:

Budd: Non-responsive content removed
Fréhlich:
Bosch:
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*=temporarily

during the 3rd Audi zero-malfunction-discussion on 10/04/2008, the joint recommendation

for next steps to record actual developments in the cold and hot test rigs
Bosch points on initilal operation R4, 2.0-liter engine

Non-responsive content removed Hinweise zur Erstinbetriebnahme von CRS3.2.pdf>>

4:30,

Instrumentation of a CR engine in cold test upgrade area

Engine cold test:
Engine no. CAG 058018
CP4.1 pump: 04 100 408
BPT 0360
23/04/2008, measures for cold test test rig no. 2, from 08:00

Non-responsive content removed

23/04/2008, 12:45, telecon on results of cold test measurements:
l. so far 4 - 5 cold test measurements taken
2. at first glance, cold test operation for normal operation i.0.
Detailed analysis measurement data still required.
3. Required optimization:
1. Initial start cold test operation with PDE programme instead of CR cold test
programme;
Test rig interrupted (manually or automatically?);
Analysis: Engine working parts carrier bears CR engine no. card
Mobi data shows CR engine no.
Mobi data cold test test rig shows PDE engine
data (BXE...)
For engine type change (PDE-CR/CR-PDE) mu?? Connector plugs
on test rigchanged manually. This was forgotten.

Proposed remedy: Connector plug identification prior to start of
cold-test test run

2. CR test programme also starts with non-inserted DRV connector plugs; since
measurement window only checks rail pressure at the end of stage 3. CP4.1 is dragged
for at least approx. 20 seconds without rail pressure with high engine speed. Repeat
cold test if error not identified.
possible. Cable harness identification has not yet been introduced due to cycle

time. Proposed remedy: Cable harness identification for DRV and RDS prior to start of
cold-test test programme

3. As far as can be seen, pump supply and return hoses are not fitted correctly
to the engine

Pump supply and/or return hose from exhaust gas closing plate with
hydraulic cylinder

can be pressure tested. Reappeartest shows slight decrease in supply and
return pressure.

Proposed remedy: Measurement/observation of exhaust gas pressure at the start

4, Flow rate CP4.1 supply in cold test test rig 3. smaller than Bosch
initial operation- specifications v. 135 - 2001/h.

Proposed remedy: Installation of larger feed pumps on cold-test test rig 2.,3. and 4.
analogue cold-test test rig 1.

5. Register termination criteria in target-cold-test-target-process R4 2.0-liter and in
the SET synchronize test engineering
(VA RETe R\ [on-responsive content removed

6. Insight into the installation protocol of the three failed engines in -in the
cold test
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EA11003E§uOdOl1§§L%]n't allow any direct insight into the engine installation protocol during on-
sitemeeting.
Please find attached the data provided by Audi (1 engine missing).
<<Triebwerkschaden .xls>>

Summary from detailed analysis of the cold test measurement display:

- Supply level with 100 1/h too low (according to instruction min. 135 1/h); with 135
1/h it's surely much better ventilated and the time until rail pressure formation is
minimized

- the CR engine can also be driven in the PDE programme (here the pump
does not falter)

- if the DRV connection plug is removed, the entire operation can
be run without rail pressure

- whilst the blow-out phase increases return return pressure, i.e. low differential
pressure and therefore lowblow-out function

Important open points regarding cold test:

- how often can the cold test be repeated before the engine
looks striking?
(above all if for example it is dragged 3 - 5 times with DRV removed, then the DRV
is inserted and the engine is OK)

- in the current measurements fromzf”mmmmwemmm“mmw there were no amounts and no
faults reproduced

- the CP4.1 pump, with which the cold test operation was measured goes to Bosch for
diagnostics/analysis
V: DS-PC/EHP T: asap

23/04/2008, measurements for hot test, cabin no. 3, from 14:00
Engine no. CAG 051 535
CP4 pump: 01 070 408
BPT 0620
Used engine in the leak test not OK

Measurements for hot test:

Non-responsive content removed
ummary from detailed analysis o e ho est measurement display:

- for normal operation (pump OK, bonding OK etc), the hot test
is carried out without complaint

- if, for example, you remove the DRV you can drag with rail pressure 0 and 1000 1/min
as long as you want

- no observation ascertainable, which switches off the test rig in the case of a failure

- how often the hot test can be repeated in the case of a failure is unclear

- compared to the Bosch measurements 1.5 years ago no change found in the hot-test
test sequence with removed DRV connection plug

Overall summary:
With correct handling in automatic drive (correct bonding, correct
test programme, no other defects)

the cold and hot test operations are OK.

However, the procedure in the case of failure is not defined (max. trail duration without
rail pressure, max. acceptable number of

repetitions, etc) and with that, possible damage to the high-pressure fuel pump is
conceivable.

Further points for clarification:

Clarification necessary observation of start-up of Audi engines in Audi/VW
vehicles so far not carried out
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(R4, 2,01 in A3 Cabrio u.[eIEEE eV Nelolni=lnidg=Inlol=Te

: Audi, 8

Mit freundlichem Grissen /Best Regards

Robert Bosch GmbH
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70049 Stuttgart
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YW-R4 2.0l Notes on initial commissioning of CRS3.2

VW-R4 2.0l EU5
— CRS3.2 -

Notes on initial commissioning of CRS with
CP4.1 and predelivery inline EFP in
connection with cold test inspection

1/14/2008

Notes:
This slide replaces the slides 14121d_Zu {12/01/05} and 14150d_Zu {12/09/05};
14911d_Zu {03/14/06} [changes marked in “red”]

6860199d Zu {06/27/06} [changes marked in “blue”]
6870329d Zu {08/02/06} [changes marked in “green’]
6890468d Zu {09/13/06} [changes marked in “pink”]

6900721d_Zu {10/31/06} [changes marked in “light green’]
6900721d_Zu i /14/07} [changes marked in “light blue”]
el

Values marked with U are defined; the “U mdncator was deleted.

Diesel Systems
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ENTIRE PAGE CONFIDENTIAL

YW-FH4_2.01: Notes on initial commissioning of CRS3.2

To note during assembly:

- Cleanliness requirements, particularly for supply lines to diesel fuel
filter.

- |Installation and service notes.

- Installation requirements (e.g. tightening torque), also see
respective component TCDs and proposal drawings.

Initial filling of injection system

- All TCD values must be followed!

- Recommended filling fluid: Diesel fuel compliant DIN EN590, however
HFRR < 400um

Diesel Systems
ARSI conent © All rights reserved by Robert Bosch GmbH, including the case of patent applications. All
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ENTIRE PAGE CONFIDENTIAL

YW-F4_2.01: Notes on initial commissioning of CRS3.2

Test to detect "gross leakage” from fuel system

To detect gross leakage prior to initial commissioning in the cold test
Inspection, a pneumatic leak test can be performed beforehand.

Background: For safety, health, and cleanliness reasons, the fuel system should

be checked for gross assembly errors (such as incorrect screw connections)
before it is filled with diesel fuel on the cold test bench.

Pneumatic leak test of the injection system:

The fuel system can be tested with air* in the CP4 inlet with pressure-free total
return with a standing high-pressure fuel pump with 5bar_rel fort _, <30s.

*Page 17
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ENTIRE PAGE CONFIDENTIAL

YW-R4 2.0l: Notes on initial commissioning of CRS3.2

Recommendation before venting, initial commissioning, and cold test:

- Perform electrical check (e.g. CRI3.2: contacting, capacity
measurement for low voltages, etc. {Note: pay attention to line
lengths and resistances of connectors})

Venting of CR system is performed for

- The low-pressure circuit through the CP4 return

- The high-pressure valve (CP4, rail) through suction or HP valve,
through the PCVu in total return.

For cold test commissioning

—>Activation does not take place through engine starter -
Engine test bench control is needed
(Activation of PCVu, MU, CRI3.2 should not inject)

Diesel Systems "\) B H
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ENTIRE PAGE CONFIDENTIAL

YW-R4_ 2.0l: Notes on initial commissioning of CRS3.2

Venting high-pressure fuel pump CP4 (without CP) with predelivery EFP

Note the following conditions when venting the CP4:

- Dry running of the high-pressure fuel pump is not allowed!

- Minimum filling/pre-pressure of = 4.5bar_abs must always be ensured
through predelivery EFP:

- Inlet pressure: 4.5 < p_Inlet [bar_abs] < 7*
*(not a critical limit, but more is not sensible)

-> Volume flow > 80 I/h + HP volume demand
(Upper limit only restricted by max. inlet pressure)
- Differential pressure between CP inlet and return:
Pin— Pre 2 3.4bar_rel
- Max. return pressure < 2.0bar_abs
(continuous running >2.0bar abs may result in damage to shaft seal).

Diesel Systems

Confidential Non-responsive content removed




ENTIRE PAGE CONFIDENTIAL

yW-F4_2.0l: Notes on initial commissioning of CRS3.2

- At Obar rail pressure max. drag speed is n.p=300...1000rev/
min. (RB recommendation n;;=500...1000rev/min.)

= An important prerequisite for venting the C4 is that the rail pressure is near
zero.

= If there is standing pressure in the rail, not even the compression ratio
of the elements may be enough to deliver the air.

= In this case, the only venting path is through the HP piston guidance
in the interior, which can take a long time.

= If rail pressure is zero, a necessary pressure differential of 3.1 £ Ap
[bar_rel] £ 5.1 over suction and HP valve results.

- Since the OV is set to approx. 3.3 bar_rel an EFP without rotating
CP4 can only be vented if the tolerance values of the SV/HP valves
are minimal.

Diesel Systems

| I'r. !I_- \I) B H
6 Confidential erved by Robert Bosch GmbH, including the case of patent applications. All \ //,

usage rights, including copying and distribution, reserved k/




ENTIRE PAGE CONFIDENTIAL

A-F4_2.0l: Notes on initial commissioning of CRS3.2

Table 1: Transmission behavior [engine : pump] i= 1

- Operation of pump only permitted with pressure limit curve CP4 (Tab.1, Diag.1).

Pump rotation speed [1/min] 0 100 300 300 1000 2000 3000 4000 4500 5000
Engine rotation speed[1/min] 0 100 300 300 1000 2000 3000 4000 4500 5000
Max. rail pressure [bar] 300 300 633 633 1800 1800 1800 1800 1800 300
Min. rail pressure [bar] 120 120 120 230 230 230 230 230 230 230

Diagram1:

Grenzdruckurven CP4.1/ Pressure limit curves CP4.1
2100
Improper operation range
1800 / = L7 i \
1500
=—8—max. Raildruck [bar] / Max. rail pressure [bar]
w=fe==min. Raildruck [bar] / Min. rail pregsure [bar]

Rail pressure [bar]

Raildruck [bar]
© ]
8 8

600
300
A & & & A
Improper operation range
0 - } } { :
oo O (=] (=] (=] (=] [=] =
e 3 g g g g 8 2
- o~ (] -t -t e

Pumpendrehzahl [U/min.] / Pump speed [rev./min.]
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ENTIRE PAGE CONFIDENTIAL

YW-R4_ 2.0l: Notes on initial commissioning of CRS3.2

Step 1) LP/HP venting:

Continue filling the high-pressure fuel pump at a standstill until no further air
bubbles are visible in the CP return or overall return. (transparent inlet and
return lines recommended).

Notes: UM flow-free open; PCVu flow-free open; more efficient venting
through back pressure-free total return bottom/top Predelivery pressure

>4 Sbar_abs

Step 2) Safe venting of HP part:

JDepending on the configuration tolerance of suction/HP valve, possibly
already completed in step 1 through EFP admission pressure.

Venting of suction/HP valve of CP4 by turning the high-pressure fuel pump
with open (flow-free) PCVu until PCVu return is free of air bubbles.

- System venting is complete; the system is ready for operation.

& BOSCH

© All rights reserved by Robert Bosch GmbH, including the case of patent applications. Al




ENTIRE PAGE CONFIDENTIAL

yW-F4_2.0l: Notes on initial commissioning of CRS3.2

Venting steps in detail:

Step 1) Venting time without revs: 10(...20%)s

(this makes the low-pressure area safe; the high-pressure area is only conditionally
vented, depending on the tolerance situation of the SP/HP valves.)

and
Step 2) Venting time at speed(300 = nyg,g[min.”'] = 1000%)
after pre-venting of LP area: = 5 to max. 10s
- max. allowed pos. of CP4 speed gradient: 400rev/min./s

- For step 1) + 2) essential: p_Rail=0 bar

Caution: Step 2) with pg_, = Obar or flow-free PCV is restricted to max. 10s!
—> Danger of pump damage in new condition
From step 3), pr.; = 230bar is essential!

*RB-recommendation

Diesel Systems
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ENTIRE PAGE CONFIDENTIAL

A-F4_2.0l: Notes on initial commissioning of CRS3.2

Venting cold test commissioning at engine plant

Step 1) Pre-venting of CP4.1 LP area

Q . =135 - 220 I/h (EFP or test bench supply)
Altemative
P et 2 4.5 bar_abs (= 7 bar_abs); RB recommendation:: 5.0 bar_abs

further increase p, . increases Q by 400 l/(h*bar)

Return

Pintet “Preturn = 3,4 bar_rel [= ppi cp at Qgyy,,n2 80 I/N]

Preturn <1.8...2.0 bar_abs (static)

LI > 10 sec. (pure CP venting time)

Neump = 0 min' (pump at standstill [!])

PRail = 0 bar_rel (bel. to prewm), PVCU open, that is, without flow [!]

Diesel Systems

Confidential © All rights reserved by Robert Bosch GmbH, including the case of patent applications. Al

usage rights, including copying and distribution, reserved




ENTIRE PAGE CONFIDENTIAL

WW-R4_2.01: Notes on initial commissioning of CRS3.2

Step 2) Final venting CP4.1 HP area

Qinret =135 -220 I/h (EFP or test bench supply)

Alternative

Piniet 2 4.5 bar_abs (< 7 bar_abs)

PRreturn <1.8...2.0 bar_abs (average pressure)

tventing = 5 to max. 10 sec. [caution: Danger of pump damage in new condition!]
Neump = 1000 min-1 (= max allowed pos. of CP4 speed gradient: 400rev/min./s)
PRrail = 0 bar_rel (rel. to prewrm), PCVU open, that is, without flow [!]

Times must be determined through trials directly on the ending in the final function test
(FFT).

- System venting is complete; the system is ready for operation.

—> Do not operate further without min. rail pressure [pg,, = 230 bar]

- Otherwise danger of pump damage in new condition!

—> During the first revving up of the CP4, max. allowed pos. CP4 speed gradient: 400rev/min./s

Diesel Systems
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ENTIRE PAGE CONFIDENTIAL

VW-R4_2.01: Notes on initial commissioning of CRS3.2

Tests for cold test commissioning:

Step 3) Measurement of rail pressure fluctuation
l.e. test whether correct venting occurred or measurement of air
incurred during venting. [Caution: min. Railpressure pg,; 2 230 bar]

Step 4) Test (e.g. test of high pressure seal) 2 p,, = 230 bar
with e.g. 1600bar rail pressure and a pump speed of 1500 1/min. (i=1
= Nep = Nyotor)- Proposal: Duration 30 sec.

After step 4), the system can be operated as in the vehicle. When
shutting down the engine, the

max. allowed neg. CP4 rev gradient is: -1800rev/min./s

(the transmission behavior [CP:Motor] must be observed.)

N

//.---
|y —)
¢ A Tl 5 =% /
1bH, including the case of patent applications. All \J"
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ENTIRE PAGE CONFIDENTIAL

WIW-R4_2.0l: Notes on initial commissioning of CRS3.2

Proposal: Check HP seal in pure PCV operation (due to venting;

better through PCVu)

MU test: Function test through temporary closing of MU -> Monitor pressure
range (flow max. 1s with 1.720.1A; not clocked)

At the end of the cold test, the fuel can remain in the system. It is possible
to empty the CP incl. inlet and return lines through blowing out* (e.g. air).
[Description Page 15] To transport the engine, seal the inlet and return con-
nections of the injection system tightly with plugs, since HP and LP system
are short-circuited with flow-free PCVu. This is intended to prevent leakage
of the system, particularly emptying of the rail.

Note: Filling of leakage rail not supported in cold test; only in first start or hot
test. Filling takes place through the control volume of the injectors during
injection.

Diesel Systems
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VIW-R4_2.01: Notes on initial commissioning of CRS3.2

Venting steps in detail:
No.| EFP EFP CP4 return - CP4 Rail PCVu MU Remarks: Min. Max. Qg e [1/0]
[bar_abs] | [bar_rel] back-pressure Speed | pressure duration | duration| (Test bench
[bar_abs] | [revimin] | [bar] [sec.] [sec.] inlet )
1 | min. 4.5 | min. 3.5 1.0-1.2 0 0 opened opened Venting at standstill: 10 Unlim. 4, 6, 8cyl.
max.2.0 I=0A I=0A CP LP venting with EFP admission pressure
RBrec. |[RB rec. (allowed max. |CP inlet; ensure fuel lubrication and venting of RB rec 3501/h @
5.0 4.0 Glnst i flow1.7A#0.1 |entire system to CP return bottom/top PCVu 20 4.0bar_rel
KRS A not return and overall return free of air bubbles
pIr|: pREl.2
clocked
3.4bar_rel
i max. 1sec.)
2 | min.4.5 | min. 3.5 | 1.0-1.2 |[(300...) 1000 0 opened opened |For safe venting, from suction/HP valve 5 10 4, 6, 8cyl.
max.2.0 I=0A I=0A venting of HP part to PCVu return free of air
bubbles 210i/h @
3.5bar_rel
3 | min.4.5 | min. 3.5 | max.2.0 |[(300...) 1000| Start |regulate opened |* Venting check, i.e. measurement of to < 180 4, 6, 8eyl.
(=230) I=0A rail pressure fluctuation determine
« if, after 10sec., a stable starting pres- 210/h @
sure is not reached, cancel test 3.5bar_rel
4 | min. 4.5 [ min. 3.5 | max.2.0 pressure/ | pressure/|regulate| opened Leakage check (temperature increase PCVu --- 30 4cyl.-2451/h,
speed speed =0 ... 0.7A |return) 6cyl.-2601/h,
table 1 table 1 8cyl.-3001/h
(2230) @ 3.5bar_rel
Note: The following applies to steps 1 through 4: max. allowed pos. CP4 rev gradient: 400rev/min./s; max. allowed neg. CP4 rev gradient:: -1800rev/min./s; Pinl. = Pret= 3.4bar_rel
Proposal: Customer coordination of initial commissioning at vehicle plant with RB.
Diesel Systems
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VW-R4_2.01: Notes on initial commissioning of CRS3.2

1S

Optional:

Emptying of CP through blowing out* (e.g. air) after cold test commissioning:

Pi«S 2.8 bar_rel
-0.2 = prewmibar_rel] = 1.0

teiowout < 30 sec.
Npymp = 0 Min.' (pump at standstill)

Background: Avoid emptying rail volume through CP and PCV.

Pinet < 5.0 bar_rel, when PCV is closed, e.g., while under
flow during blowout process.

*Page 17
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ENTIRE PAGE CONFIDENTIAL

VW-R4_2.01: Notes on initial commissioning of CRS3.2

Note in case of air intake to the LP system before CP4:

If an air column is delivered to the CP4 (e.g. restart after empty tank, through
cutting off CP inlet, after filter change) the CP4 cannot deliver the air column to
the rail if the PCVu is closed; no pressure build-up is possible.

In this case, the PCVu must be flow-free, i.e. open; only then can the air col-
umn be routed through the CP piston to the rail, and then through the PCVu. If
CP4.1 detectable -> No pressure build-up possible.

-> SW is available for this purpose at the Fhz.

Diesel Systems
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ENTIRE PAGE CONFIDENTIAL

WW-R4_2.01: Notes on initial commissioning of CRS3.2

If air or gases, are used, there is a hazard of contamination and water intake.

The cleanliness requirements with regard to air must be followed:
- The air supply must be free of water and oil.

-> The use of a 0.3um filter to separate
solid contaminates from compressed air and gases is necessary.

RB recommendation: Series filter connection with 5um [rough] and 0.3um filter.

. 7 — :\
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ENTIRE PAGE CONFIDENTIAL

VW-R4_2.01: Notes on initial commissioning of CRS3.2

Common Rail System (CRS3.2 - 1800bar mit CRI3.2, CP4.1 mit Tank- u. Inline-EKP nach Filter)
Niederdruckkreis VW R4 2.0l EU5/BIN5 im K-SUV/Jetta

Leckélrail (LOL) mit Druckhalteventil (DHV) ap_g,,, (injektorseitig)=10 Obar relatipjector side) = 10.0 bar relative
Injektoren/ Injectors [~OAAP—] Ap_ By (EKP-seitig )=0,3bar relativ (EFP side) = 0.3 bar relative a5 A 100% cr Ko H
CRB2 | S— Filereinhoi = -h. 100% gr. Kreis bzw. S
: . =V | ‘ Filter unit- - - - - - . T=5°C d.h. 100% KI. Kreis 4
Leakage rail (LOL) with pressure retaining valve . . ¥
(PRV) : g T=35°C.i.e.100% large circle or ]
// - T=5°C i.e. 100% small circle \ _;2
: ™~ ]
T.-abhaengige | ﬁ'—dependent switching (WDE) Et
Binacic: /— — UI'TI' chaltung (WDE) : ¢
regel- |Pressure control valve : g
ventil é
DRV3.2 z
( W) I - P_Return <= 2.0 bar absolute S
AL I P_Riicklauf <= 2.0bar absolut §
: Kraftstofﬁllter . Fuel filter &
| - (mit Wachsdehnelement und (with wax element and g
Inline EFP - Wasserabscheider) water separator) 5
Inline-EKP; i
(RB) 3—.':
| Rai (o)< :
\I/Siebﬁlter\[Strainey ______ N~ f.;
P_Zuauf >= 4.5 bar absolut Regler Regulator 5
Q=150/h +/- 20I/h i PR i
P_Inlet >= 4.5 bar absolute T
- RSV :
High-pregsure
Log\l.v prey e = Hochdruck §
i Niederdruck . 3
Optional *) = optional empfohlene Leitungs-Innendurchmesser -
) 1 e L = =
Overflow halvel *) = Uberstrdmventi 8mm fiir Du rchﬁuslsefl 22[_]|fh §
; . Recommended line inside diamete E
{Elnstellpunkt 3,3 +/- 0,1 bar bei 50 Uh) == 8mm for flows <= 220 I/h L | J
Q_Lager <= 80 I/h bei dp_CP = 3,3 bar UIS Tankmodul TEE mit EKP, %
(setting point 3.3 +/- 0.1 bar at 50 I/h) RSV und zulaufbetriebene SP
i s = ank module wi A and inlet-operate
Q_Bearing-<=80-Hh-atdp—CPR =233 bar UIS tank module TEE with EFP, NRV and inlet ted SP
Bo SCH Non-responsive content removed
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ENTIRE PAGE CONFIDENTIAL

VW-R4_2.0l: Notes on initial commissioning of CRS3.2
Leakage rail (LOL) with pressure retaining valve (PRV)
Leckolrail (LOL) mit Druckhalteventil (DHV) ap_,,, (injektorseitig)=10,0bar relativ (injector side) = 10.0 bar relative

Injektoren / Injectors = Ap_0Byy, (EKP-seitig)=0.3bar relativ.  (injector side) = 10.0 bar relative
CRI3.2 Em [

]

-

Druck- /~ '
regel- Pressure control valve
ventil

(DRV3.2) l

WD P_Return <= 2.0 bar absolute
Wik s P_Ricklauf <= 2.0bar absolut

Overall return

Rail

<
P_Inlet >= 4.5 bar absolute CP I n |et

P_Zuauf >= 4.5 bar absolut
Q=150l/h +/- 201/h

= Hochdruck High pressure
Niederdruck Low pressure
*) = optional Optional

**) = Uberstromventil Overflow valve

empfohlene Leitungs-Innendurchmesser Recommended line inside diameter
>= 8mm fir Durchflisse <=220l/h >=8mm for flows <=2201/h
(Einstellpunkt 3,3 +/- 0,1 bar bei 50 I/h) (setting point 3.3 +/- 0.1 bar at 50 I/h)
Q_Lager <= 80 /h bei dp_CP = 3,3 bar Q_Bearing <= 80 I/h atdp_CP = 3,3 bar

Diesel Systems
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EA11003EN-00185[0]

CP4.1 Cold Test R4 EU5 Audi

Task:

* Measure commissioning VW R4 TDI
» Measurements on cold test bench + filling station

Trial execution:

Location: Audi [l cold test bench no.2 + filling station
 Pump assembly:  Series VW R4
- Measured values: Inlet and return pressure (Kistler sensors 10 cm before pump)
engine speed with pickup on camshaft
Rail pressure from engine RDS
| ZME, |_DRYV with clamp meter measure
Inlet and return volume with VSE
Speed and inlet pressure parallel from gl

control cabinet

* Measurement process: 1. Fill the pump
2. Engine check program (engine not fired)

- Data recording: LTT 186/16¢ch sampling rate 100 kHz

All results for pressure values in bar_rel !

Diesel Systems
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ENTIRE PAGE CONFIDENTIAL

CP4.1 Cold Test R4 EU5 Audi

Results:

* Inlet volume max. 100 I/h (required 135 -220 I/h)

 Operation of pump with PDE cold test possible (connector on
equipment transposed, no check as to whether connected properly)

« PCV connector disconnected, or faulty contact is not detected, therefore full
test runs with rail pressure 0 bar. The number of possible repeat attempts is
unclear.

» Cold test process with correct check program, intact contacts and
required inlet volume is OK

* When the pump is blown out, the OV is not opened (therefore poor blow-
out effect), high back-pressure (2.5 bar_rel) in return

SUMMARY:
« Damage to pump in cold test possible due to overly long dragging
with rail pressure 0 bar when PCV connector/RDS is disconnected
* Inlet volume, at 100 I/h, is below the requirements of the commissioning guide-
lines, if the prescribed values are increased, faster rail pressure build-up possible
 Impact of blow-out function from available measurement not optimal

Diesel Systems
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EA11003EN-00185[2]

CP4.1 Cold Test R4 EU5 Aud

Pump CP4.1_348 2x5.25 REC 3.3 1.8 nEngine var rom done by -
Sample Pump 04 100 408 BPT 0360 P_Rail var bar_rel date 4/23/2008
testbench Audi cold test bench no. 2jill P_inlet Approx. 4.0 bar

Pump empty, cold test with PDE process T_Inlet 20 Ao

— P_InletEngine_idle_Run1_0000
— P_RailEngine_idle_Runi_0000 I_UMEngine_idle_Run1_0000
— |_PCVEngine_idle_Run1_0000 Q_InlEngine_idle_Run1_0000
———— (Q_RetEngine_idle_Run1_0000 Speed_FamosEngine_idle_Run1_0000
T  Speed_FréhlichEngine_idle_Runi_0000

P_ReturnEngine_idle_Run1_0000

\
7)|

bar s
p_Inl
bar ; i
2 —_—
p_Ret 2 ]
kbar 15 —
. 10 —
p_Rail 05 —
A 8
1.0 —
|_UM 85
A 9§
1.0 —
| PCV 8 I — = — e
W 150 —f ¥\ M
Q Inlet "5 ] \/ i [ T
I I -
50 — ] 1
& e ] = T
n_Engine 509 — .
T i | T |
0 10 20 30 40 50 60
S
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ENTIRE PAGE CONFIDENTIAL

CP4.1 Cold Test R4 EU5 Aud

Pump CP4.1_348 2x5.25 REC 3.3 1.8 nEngine var rpm done by
Sample Pump 04 100 408 BPT 0360 P_Rail var bar_rel date 4/23/2008
testbench Audi cold test bench no. 2- P_inlet Approx. 4.0 | bar
Cold Test Common Rail Motor T_Inlet 20 oG DS/EHP2
P_InletEngine_idle_Run1_0002 P_ReturnEngine_idle_Run1_0002
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CP4.1 Cold Test R4 EU5 Aud

Pump CP4.1_348 2x5.25 REC 3.3 1.8 nEngine var rpm done by

Sample Pump 04 100 408 BPT 0360 P_Rail var bar_rel date 4/23/2008
testbench Audi cold test bench no. 2- P_inlet Approx. 4.0 | bar

Pump filled, cold test T Inlet 20 °C [

———— P_InletEngine_idle_Run1_0004 P_ReturnEngine_idle_Run1_0004
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CP4.1 Cold Test R4 EU5 Audi

Pump CP4.1_348 2x5.25 REC 3.3 1.8 nEngine var rpm done by
Sample Pump 04 100 408 BPT 0360 P_Rail var bar_rel date 4/23/2008
testbench | Audi cold test bench no. 2| P_inlet Approx. 4.0 | bar
Pump not filled, cold test T_Inlet 20 o
P_lnletEngine_idle_Runi_000§ P_ReturnEngine_idle_Run1_0005
P_RailEngine_idle_Run1_0005 = - |_UMEngine_idle_Run1_0005
— |_PCVEngine_idle_Run1_0005 Q_InlEngine_idle_Run1_0005
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CP4.1 Cold Test R4 EU5 Audi

v

Pump CP4.1_348 2x5.25 REC 3.3 1.8 nEngine var rom done by
Sample Pump 04 100 408 BPT 0360 P_Rail var bar_rel date 4/23/2008
testbench Audi cold test bench no. 2 - P_inlet Approx. 4.0 bar

Pump not filled, cold test, repeat T_Inlet 20 o

P_InletEngine_idle_Run1_0006
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CP4.1 Cold Test R4 EU5 Audi
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Pump CP4.1_348 2x5.25 REC 3.3 1.8 nEngine var rpm done by -
Sample Pump 04 100 408 BPT 0360 P_Rail var bar_rel date 4/23/2008
testbench | Audi cold test bench no. 2 [} P_inlet Approx. 4.0 | bar
Cold test, PCV connector disconnected T_Inlet 20 a6 -
P_InletEngine_idle_Run1_0007 P_ReturnEngine_idle_Run1_0007
P_RailEngine_idle_Run1_0007 - |_UMEngine_idle_Run1_0007
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CP4.1 Cold Test R4 EU5 Aud

Pump CP4.1_348 2x5.25 REC 3.3 1.8 nEngine var rpm done by
Sample Pump 04 100 408 BPT 0360 P_Rail var bar_rel date 4/23/2008
testbench Audi cold test bench no. 2- P_inlet Approx. 4.0 bar

Cold test, inlet hose jammed T_Inlet 20 o

P_InletEngine_idle_Run1_0008
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CP4.1 Cold Test R4 EU5 Aud

Pump CP4.1_348_2x5.25_REC_3.3_1.8 nEngine 0 rom done by | |l
Sample Pump 04 100 408 BPT 0360 P_Rail 0 bar_rel date 4/23/2008
testbench Audi cold test bench no. 2 - P_inlet Approx. 4.0 | bar
Compare inlet pressure measurement T_Inlet 20 °C -
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CP4.1 Cold Test R4 EU5 Aud

Measurement at filling station:

Measured values:
- p_Inlet

- p_Return

- Q_Inlet

- Q_Return
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CP4.1 Cold Test R4 EU5 Aud

Pump CP4.1_348 2x5.25 REC 3.3 1.8 nEngine 0 rpm done by
Sample Pump 04 100 408 BPT 0360 P_Rail 0 bar_rel date 4/23/2008
testbench Audi cold test bench no. 2- P_inlet Approx. 4.0 bar
Filling station, pump before cold test T_Inlet 20 oc -
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CP4.1 Hot Test R4 EU5 Audi 7

Task:

» Measure commissioning VW R4 TDI
 Measurements on the hot test bench

Trial execution:

*Location: Audi -hot test bench no.3
 Pump assembly:  Series VW R4
* Measured values: Inlet and return pressure (Kistler sensors 10 cm before pump)
engine speed with pickup on camshaft
Rail pressure from engine RDS
| ZME, | DRV with clamp meter measure
Inlet and return volume with VSE

*Measurement process: Engine check program (engine fired)
» Data recording: LTT 186/16¢ch sampling rate 100 kHz

All results for pressure values in bar_rel !

Diesel Systems




ENTIRE PAGE CONFIDENTIAL

Non-responsive ¢
moved

CP4.1 Hot Test R4 EU5 Audi™*

Results:

* Inlet volume, at 120-125 I/h, is below commissioning guidelines

* Process with correctly connected sensors OK

* Dragging with rail pressure 0 bar (PCV disconnected) without time limit > 1 min
possible

 Test bench does not intervene automatically after 10 s dragging with rail
pressure 0, intervention was always made by test bench staff

SUMMARY:

« Damage to a high-pressure fuel pump in hot test possible if PCV is disconnect-
ed or has faulty contact

* Number of possibilities to repeat hot test after error occurs does not appear to
be limited

* No change in test bench process found compared to measurements 1.5 years
ago

Diesel Systems
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CP4.1 Hot Test R4 EU5 Aud
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Pump CP4.1_348 2x5.25 REC 3.3 1.95 Nengine var rpm done by
Sample Pump 01 070 408 BPT 0620 P_Rail var bar_rel date 4/23/2008
testbench Audi hot test bench no. 3! P_inlet Approx. 4.0 bar

Pump empty, hot test, 1st measurement T _Inlet 20 °C
P_InletHot_01_0000 P_ReturnHot_01_0000
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CP4.1 Hot Test R4 EU5 Audi™
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Pump CP4.1_348 2x5.25 REC_3.3 1.95 Nengine var rpm doneby | NN
Sample Pump 01 070 408 BPT 0620 P_Rail var bar_rel date 4/23/2008
testbench Audi hot test bench no. 3- P_inlet Approx. 4.0 bar
Pump empty, hot test, 2nd measurement T_Inlet 20 °C
P_InletHot_03_0001 P_ReturnHot_03_0001
P_RailHot_03_0001 Q_InlHot_03_0001
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Pump CP4.1_348 2x5.25 REC 3.3 1.95 Nengine var rpm done by -
Sample Pump 01 070 408 BPT 0620 P_Rail var bar_rel date 4/23/2008
testbench Audi hot test bench no. 3- P_inlet Approx. 4.0 bar

Pump empty, hot test, 3rd measurement T_Inlet 20 °C

P_InletHot_04 0000 P_ReturnHot_04_ 0000
P_RailHot_04_0000 Q_IniHot_04_0000
Q_RetHot_04 0000 Speed_FamosHot_04_0000
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i.ﬁn!ent
Pump CP4.1_348_2x5.25 REC_3.3_1.95 Nengine var rpm done by | NG
Sample Pump 01 070 408 BPT 0620 P_Rail var bar_rel date 4/23/2008
testbench Audi hot test bench no. 3 - P_inlet Approx. 4.0 bar
Hot test, PCV connector disconnected T _Inlet 20 °C
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£G §8-04-2009: Kraftstoffkritische Miarkte
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CP4 robustness

Agenda

Technical Specifications Approval Automobile P.2
Technical Specifications Development MD - & OHW P.3
Powertrain damage mechanism (simplified) Pp. 4,5
Anti wear package P.6
Approved fuel (fuel properties) Pp. 7,8
What does “Rest of World” fuel mean P.9

Improving system robustness P.10
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CP4 robustness

Main characteristics CP4 for car applications

Rail pressure

Piston diameter / pitch
*New piston pitch stages: (6 /6.5 / 7)mm

Fuels

Service life
Fuel inlet temperature

Setpoint overflow valve

2000bar
6.5mm/6.75mm*

Without AWP: EN590
with AWP: US fuels
300 000km

70°C

3.5 bar @ 501/h

) BOSCH
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CP4 robustness

Development main characteristics CP4 for MD & OHW

Rail pressure MD / OHW 2500 / 2000bar
Piston diameter / pitch 6.5mm/7.5mm
Fuels with AWP: US fuels
Service life MD / OHW 750 000km / 10 000h
Fuel inlet temperature 80°C

Setpoint overflow valve 3.5 bar @ 50 I/h

Development focus: Robustness of powertrain (P. 6)
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CP4 robustness

Powertrain damage mechanism (simplified cause-effect relationship)
How does powertrain damage occur?

Stiff roller -> Brake plates -> powertrain damage

Cause
u_roller-roller support > p_roller-camshaft

(target: u_roller-camshaft >> u_roller-roller support)

Why is p_roller-roller support too high?

Manufacturing deviations, particularly elevations of the components
(uneven rollers; roller support with metal spatters; faults confirmed in
challenge experiments).

Manufacturing measures implemented & being implemented (P. 14).

) BOSCH

4 TG EWon-respansive content remaved © Robert Bosch GmbH 2008. All rights reserved, including all use,
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CP4 robustness

5

Why is J_roller-roller support too high?

Insufficient lubricant layer height due to low-viscosity fuels with
current component tolerances(contact of roughness peaks). Verifi-
cation to kinematic viscosity 1.9mmz2/s. Challenge experiments with
components outside tolerance and overload do not show any striking

features.
Note: Failures with fuel contaminated with 1% saltwater
Development measures* to increase robustness of CP4 from this cost-

effect relationship (P. 6)

*Verification within CP4 MD & OHW platform trials

[l =l Non-respansive cantent removed © Robert Bosch GmbH 2008. All rights reserved, including all use,
exploitation, repmducilon processing, distribution and in the case of patent applications.
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CP4 robustness

Development focus @ CP4 for MD & OHW

Increase robustness of powertrain (anti wear package)

1) Optimized roller surface

Parts of potential implemented by prohibiting installation of supplier 2 at Audi.

2) Optimized tappet assembly

Characteristic pressing & friction-optimized tappet implemented in W36 & W37, series

implementation possible with customer approval. Other characteristics (tappet play,
roller play) will be considered in the development of CP4 MD & OHW.

2) Optimized roller support surface/ in particular roller support coating
Parts of potential implemented for CP22/2 for W37 project.

4) Optimized cam

[l =l Non-respansive cantent removed © Robert Bosch GmbH 2008. All rights reserved, including all use,
exploitation, repmducilon processing, distribution and in the case of patent applications.
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CP4 robustness

Verification of approved fuels
without AWP: EN590

@ R.B. Verification with EN590

1) Kinematic viscosity: 2.5mmz2/s
2) Lubricity: 460um
3) Particles:

4) Water: 200mg/kg

@ Customer: Verification in target market with country-typical fuel

7 [l =l Non-respansive cantent removed © Robert Bosch GmbH 2008. All rights reserved, including all u
e}(pic‘tato reproduction, processing, distribution and in the case of patent applications.
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CP4 robustness

8

Verification of approved fuels
with AWP: ASTM 975-05 1D & 2D (US fuels with HFRR 520um)

@ R.B. Verification with GDK570 (570um)

1) Kinematic viscosity 1.9mm2/s

2) Lubricity 570um (approved: 520um)
3) Particles

4) Water 500mg/kg

Random trials with GDK650, kerosene, gasoline, water, particles.

@ Customer: Verification in target market with country-typical fuel

Internal | M © Robert Bosch GmbH 2008. All rights reserved, including all u
expictato repmducto P(}CESS ng, distribution and in the case of patent applications.
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CP4 robustness

Approval for Rest of World (RoW) fuels

What does “Rest of World” fuels mean?

1) Kinematic viscosity 1.4mm2/s

2) Lubricity 570 um

3) Particles Fuel filter

4) Water Water separator
Conclusions

"Platform verification needed
'Rise in cost of pump if use of anti wear package needed
"Approval only possible for specific fuel properties

‘Thresholds for particles & water must be ensured by filters

9 [l =l Non-respansive cantent removed © Robert Bosch GmbH 2008. All rights reserved, including all use,
exploitation, repmductlon processing, distribution and in the case of patent applications.
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CP4 robustness

CR system robustness improvement with RoW fuels

Increase inlet pressure level & coolant quantity through opt. EFP control
Limit load if a “lower” temperature threshold is exceed

*[Better filtration (particularly water) of inlet volume

Definition of requirement parameters for the system (such as vis-
cosity, lubricity, water, particles, ...) needed to develop & insure the

correct measures.

1 0 [l =l Non-respansive cantent removed © Robert Bosch GmbH 2008. All rights reserved, including all use,
exploitation, repmductlon processing, distribution and in the case of patent applications.
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CP4 robustness

CP4 .2 failure statistics @ VW & Audi (from QMM3)

i

Internal | e © Robert Bosch GmbH 2008. All rights reserved, including all use,
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CP4 robustness

CP4 1 failure statistics @ VW & Audi (from QMM3)

12

[1E gl Non-respansive © Robert Bosch GmbH 2008. All rights reserved, including all use,
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CP4 robustness

CA4 failure statistics @ all customers (from QMM3)

14

[1E gl Non-respansive © Robert Bosch GmbH 2008. All rights reserved, including all use,
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CP4 robustness

Production measures (QMM3)

1 4 [1E gl Non-respansive © Robert Bosch GmbH 2008. All rights reserved, including all use,
exploitation, reproduction, processing, distribution and in the case of patent applications.
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Organiz.
Date/Location 02/13/2008, 3:00 — 6:30PM, | B12, mid. ciRm
Topic CP4 technical discussion (special subject: changes 2008)

CP4 changes 2008
Bosch introduced the planned changes (design changes) in 2008 in the
overview list and in detail.
During the introduction of the individual changes, the following procedure was
agreed upon between Audi and Bosch:
1) C2.1 coated roller support + C2.1 coated roller crest:
vith V6 W36/37, introduction FG 27.2
2) Camshaft omission of bearing peen:

3) Spring seat, omission of anti-friction coating:

=> appro with

4) Standard calotte for cy

— | ::E_,"fff-_"i-. 1 ar vnrEtlls , introciuclon was | a<itive tor al

linder head

5) Piston head, omission of C2 layer:

=> [ntroduction for V6 Bin5 due to existing documents, decision by Audi
after consultation with VW (02/15)
6) UM with NC bearing:

> Trial with V6 EU5 th

7) Roller short from second supplier Guntert

\nproval will take place for V6 EU5 with packaage B in WK36: approved

y, verified in PTS and RB continuous r

As part of the meeting, we defined with Audi how the changes can be included in the

Page 1 of 2
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Diesel Systems BOSCH

* All from WKk14, check O Series
** Preproduction from Wk10, only for -

With regard to the changes omission of C layer from piston head and omission
of anti-friction coating on spring seat, Audi would like to discuss the situation
with VW. A decision is planned by the end of WkO7.

Mor

From processor Tel
Log
CP4 technical discussion (special subject. changes 2008)
vehicle trials (see table).
Fahrzeugerprohungen
1. KW10 IME NC-Laber g ia B s &}
Paket 3 (Design) Enifall C-Schicht Kolbensonne |+ nach Abspr. mt W |ja < +
Entfal Gleitlack Federteller |ja" nech Abspr.mb WYl fja It
2. kw15 wie Paket 3, zusatzlich
Paket 4 Entfall Kugelstrahlen NM — |(etnatme W24 B 2
{Design + Kapa-Steigerungen) Werksanderungen Uoernehne W24 B B
Geplante Fahrzeugerprobungs-Stickzahl 0 20 10 10
Geplante Fahrzeuuemmhunus_-'smckzahti 1 55 155 [
T Table texts:
(Design + Kapa-Steigerungen) = (design + cap. Geplante Fahrzeugerprobungs-Stiickzahl =
increase) Planned vehicle trial units
2. KW15 = 2. Wk15 ja=Yes
Anderungen =Changes KW = Wk
Entfall C-Schicht Kolbensonne= Omission of C nach Absprache mit = after discussion with VW
layer piston head Paket 3 (Design) = Package 3 (Design)
Entfall Gleitlack Federteller = Omission of anti- Paket 4 = package 4
friction coating on spring seat Serie = Series
Entfall Kugelstrahlen NM = Omission of bearing Ubernahme W42 = Transfer W24
peen . ) Werks&nderungen = Plant changes
Fahrzeugerprobungen = Vehicle trials wie Paket 3, zusatzlich = Like package 3, plus
Geplante Fahrzeugerprobungs-Stickzahl ZME NC-Laber = ZM NC-Laber
Il =Fanned vehicle trial units

02/15/2008
No. 882108
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CI4 technical discussion Audi 02/13/2008

Agenda:

CP4 changes 2008
Version overview / subject overview

trial Overview

I 00/ 2/2008 | _ @ All rights reserved by Robert Bosch GmbH, including the case of patent applications
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5 |5 @ |5 Tz |2 |5 3] £ S o|8 clex |E>[EQ|Z |8E|SE |

2 e E 12 (2 |« |5 B |8 % 5 tels [EElaE 38|32l [E2laslas

T L - I~

O la a a Ja Ju Jo |z |« [ [ odcle [GB|85|3a|833|5 |ewnl|ldalda
Audi |V6 EU5/CO2 Series with index Change package 3, 10 units Wk10 - - X X X X X - -
Audi |V6 EU5/CO2 Series with index Change package 4, 10 units Wk15 - - X X X X X X
Audi [V6 Bin5/EU6 Series with index Change package 3, 50 units Wk10 - - - ? X ? X X - -
Aud_i V6 Bin5/EUB Series with index Change package 4, 40 units Wk15 - - X X X ? X X - X
Aud_i V12 Series with index Change package 3+4, O series Wk147? - - - X X X X - ?
Audi [V6 EU5/CO2 |CP4.2 |1800 |4.85 |EFP [No No |0 445 010 611 Target state of series X X X X X X X X X
Audi |V6 EU5/CO2 Series with index Change package 1 - - - - - - - - -
Audi |V6 EU5/CO2 Series with index Change package B, 10 units Wk06 - - - X - - 4 g -
Audi [V6 EU6/Bin5 |CP4.2 (2000 |56 |EFP |FP1 |[Yes |[0445010613 Target state of series X X X X X X X X X X
Audi  |V6 EU6/Bin5 0 445 B20 169 _09 Comp. CR, 6x2000h Running - - - - - - - X - -
Audi |V6 EU6/Bin5 0445 B20 169 _11a Syst. CR, 2x2000h A.2008 - - - X X X X X - -
Audi |V6 EU6/Bin5 Series no. with index |D sample (ISIR) Wk48 - - - - X - - - - -
Audi |V6 EU6/Bin5 Series no. with index |D sampl e (A.2008) - - - ? X ? X X - -
Audi [V12 CP4.2 12000 |5.6 |ZP38 [FP1 |[No 0445010619 Target state of series X X X X X X X X X
Audi [V12 0 445 B20 200 _03 Comp. CR, 2x2000h Completed |- - - - X - X - -
Audi  [V12 0 445 B20 200_04a Syst. CR, 2x2000h A.2008 - - - X X X X - -
Audi [V12 Series with index D sample (ISIR) Wk 04 - - - - X - X - -
Audi [V12 Series with index D sampl e (A.2008) - - - X X X X - -
Audi |V8 Q7 CP4.2 |2000 |56 |ZP38 [FP1 [No |0 445010620 Target state of series X X X X X X X X X
Audi |Vv8 Q7 0 445 B20 172 _06 Comp. CR, 4x2000h Completed |- - - X X - X - -
Audi |v8 Q7 0 445 B20 172_08 Syst. CR, 2x2000h A.2008 - - X X X X X - -
Audi [V8 Q7 0445 B20 172_09 C sample Wk13 - - X X X X X - -
Audi_ V8 Q7 To be determined D sampl e Wk20 - - X X X X x - -
Audi |V8 D4 CP4.2 |2000 |5.6 |EFP |FP1 |No |To be determined Target state of series X X X X X X X X X
Audi |V8 D4 0 445 B20 188 _03a Comp. CR, 2x2000h A.2008 - - X X X X X - -
Audi _|V8 D4 0 445 B20 188 _04 Syst. CR, 2x2000h A.2008 - - X X X X X - -
Audi |v8 D4 0 445 B20 188_06 Syst. CR, 2x2000h A.2008 = X X X X X X - -
Audi |v8 D4 0 445 B20 188_07 C sample Wko04 - - X X X X X - -
Audi |V8 D4 0 445 B20 188 05 C sample Wk05/08 - - X X X X X - -
Audi [V8 D4 To be determined D sampl e M.2008 - - X X X X X - -
Audi |V6 W36/37 2000 6 EFP FpP1 No To be determined Target state of series X X X X X X X X X
Audi V6 W36/W37 0 445 B20 220_01 B sample A.2008 (x) (x) X X X X X - -

) BOSCH
2 its reserved by Robert Bosch GmbH, including the case of patent applications \“\_/}
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*4 tachnical discussion Audi 02/13/2008
Suqgestion for how to proceed:

1) C2.1 coated roller support + C2.1 coated roller crest:
=> with V6 W36/37, introduction FG 27.2.

2) Camshaft omission of bearing peen:
=> introduction with V8 Q7, V8 D4 and V6 W36/37; V6Bin5 not until wider trials, V12 after positive trial of V8

3) Spring seat, omission of anti-friction coating:

=> approval with V6 EUS package B and transfer for V6 Bin3 and V12, decision for VEBInS after
consultation with VW, clarify for V12 O Series Wk14 ((SHSESESSulaE 02/15)

4) Standard calotte for cylinder head

=> Introduction for V6EUS5, since introduction was positive for all other types; approved for V6 EUS effective
immediately

5) Piston head, omission of C2 layer:

=> |ntroduction for V6 Bin5 due to existing documents, decision by Audi after consultation with
VW (02/15)

6) UM with NC bearing:

=> Trial with V6 EU5/CO2 package 3 (Wk9) and with V8 Q7, V8 D4, clarify for V12 O Series Wk14 { |
. 02/15) ; System CR RB V12 already equipped, start Wk9; V6Bin5 conversion in series,

7) Roller short from second supplier Giintert
=> Approval will take place for V6 EUS with package B in Wk36; approved immediately for V6 Bin5, verified in PTS
and RB continuous running, ISIR for V12, series JhP for VW R4

B | 02/12/2008 | I © A rights reserved by Robert Bosch GmbH, including the case of patent applications

All usage rights, including copying and distribution, reserved
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Current version overview

Audi V6 Audi V6 Audi V6 Audi V8 Audi V8 Audi VW R4 VW R4

EU5/CO2 EU6/Bin5 W36/W37 EU5/ D4 EU5/ Q7 V12 EU5S EUS Bin5
Type Part No. ... 611 vor 013 B sample C sample one 020 s 019 vos DO
Design CP4.2 CP4.2H CP4.2H CP4.2H CP4.2H CP4.2H CP4 A1 CP4A1
Presupply EFP EFP EFP EFP ZP38 ZP38 EFP EFP
Pressure 1800 2000 1800/2000 2000 2000 2000 1800 1800
Ratio 3/4 3/4 3/4 1 1 3/4 1 1
Rotation direction Right Right Right Left Left Left Right Right
n(Pp/Mot) Pmax. 3750(5000) 3750(5000) 3750(5000) 4500 4500 3750(5000) 4500 4500 **)
n(Pp/Mot) Pmin. 4125(5500) 4125(5500) 4125(5500) 5000 5000 4125(5500) 5300 5300 **)
n(Pp/Mot) over 4315(5750) 4315(5750) 4315(5750) 5250 5250 4315(5750) 5500 5500 **)
Cam pitch 4.85 5.6 6 5.6 5.6 5.6 5.25 5.25
AWP No AWP1 %) No No No No No AWP1
Shaft seal Kaco Bruss / KP1 Bruss / KP1 Bruss / KP1 Bruss / KP1 Bruss / KP1 Bruss / KP1 Bruss / KP1
Cylinder head  [ix front, 1x bac Kix front, 1x bac K 2x back 2x front 2x front 2x back 1x back 1x back
Drive Long shaft, 1WDHLong shaft, 1WDHLong shaft, 2WDHLong shaft, 1WDHLong shaft, 1WDHLong shaft, 2WDHShort shaft, 1WDR Short shaft, 1WDH
Quantity balance OK OK OK Critical Critical OK OK OK

4

Open items:

- Commissioning guideline: V6 OK, R4 still open, meeting RB Frohlich on 01/30

- Bearing strength measurement V6Bin5: Values currently too high, RB open to new measurement with
changed config.

- Determination V6 W36/37: Space for bolt indent being clarified

*) Warm up with AWP1, omission of AWP1 for EU version planned in PKO measure

All usage righ

ts, includir
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RB components trial CR (1800/2000bar, US fuel GDK 570, EFP version)
Type PNR Vers. |Pump. N¢. Mstatus [WDR coldseal |Pitch | CRprogr. | [ 10/01 [10/08 | 1015 | 1142 [ 11119 |11/26 | 12/03 | 12110 |12/17 01/07 | 01/14 | 01/21 |01/28 | 02/04 | 02/11
B 063_04 AWP1 |686-4106| B1(C2)| KACO - 6 | PDL_2000] 200 CR passed
=
e —
iy 063_04 AWP1 |686-4107 | B1(C2)| KACO - 6 | PDL_2000f 2000 |CR passed
o - —
; § 060_0d No AWP |690-4592 B1 (C2) | KACO . 5.25| PDL_2000} 2000 |CR passed
o
2 060_04 No AWP |690-4594| B1(C2)| KACO - 5.25| PDL_2000f 2000 |CR passed
3l 200207 e
060_13 AWP1 | = o c2 Bruss | -40°C OK| 5.25| PDL_2000| 2001 |CR passed
p 200207- e
060_14 AWP1 0041 Cc2 Bruss | -40°C OK| 5.25| PDL_2000f 2001 |CR passed
= E 200207- :
g @ |os0_13 AWP1 | o c2 Bruss | -40°C OK| 5.25| PDL_2000| 1905 | 2000 |CR passed
Sacm 200207- T
—o= |060 19 AWP1 ce2 Bruss | -40°C OK| 5.25| PDL_2000| 2000 |CR passed
o 0043
b 200207- pvye
i é 060_14 AWP1 00 4: c2 Bruss | -40°C OK| 5.25| KDL 500 | 500 |CR passed
o £ :
2 i 200207 " CR passed with restrictions
2 060_14 AWP1 0048 cez Bruss | -40°C OK| 5.25| KDL_500| 500 Flange bearing fused
i =
oso_18 Awpt |20027| co | Bruss ; 5.25| KDL_500 | 848 |CR passed
= 154 07 AWP1 |690-4583) B2 (C2)| KACO ) 6 | PDL_2000f 2| CR passed
02
ﬁg 154 071 AWP1 |6904590 | B2(C2) | KACO - 6 | PDL_2000} 2000 |CR passed
-+ .
3‘3? 154_10 AWP1 |781-4837| B2(C2)| Bruss | -40°COK| 6 | PDL_2000f 2000 |CR passed
(T |
og z |
o 154 10 AWP1 |781-4838| B2(C2)| Bruss | -40°COK| 6 | PDL_200 ) |CR passed
= R not passed
169_04 AWP1 |783-4680 c2 Bruss | -40°C OK| 5.6 | PDL_200 Lateral roller warm-up: UM diag} OK
5 CR not passed
169 04 AWP1 |783-4681 c2 Bruss | -40°COK| 5.6 | PDL_200 Lateral roller warm-up: UM diag[ OK
-40°C OK o - . -
_ . |169.09 AwWP1 |785-4263| (2 Bruss 5.6 | PDL_2700 . 9| 1886 1975 | 2000 |Interim diagnosis 2000h OK Projected
fé‘ E ﬁogog}l( Contl nue run to 2700 h Interim diagnosis 2000h not OK MU further run -
., 0 -40° 1
%% g 169 09 AWP1 |785-4264 c2 Bruss (2000h) 5.6 | PDL_2700] oy se]v) Ty TSSO TO0T ] 171 1886 | 1975 2000 O ring sheared off 02/15/2008
<+ o —
EL;. .'é ﬁ 169 .04 AWP1 |783-4678 c2 Bruss | -40°C OK| 5.6 | KDL_500 @ CR passed
(=] Lo
& 169 09 AWP1 |783-4679 c2 Bruss [ -40°C OK| 5.6 [ KDL 500 | 500 |CR passed
169 09 AWP1 |785-4268 c2 Bruss |Tobeplanned | 55 | PDL_2000| 1153 | 1222 | 1388| 1555| 1720
Repeat attempt due to lateral roller warm-up
169 09 AWP1 |786-4533 (074 Bruss |Tobeplanned| 5.6 | PDL_2000| | i : | | | | | | | | } 1153 | 1157 | ZWM| ZWM| ZWM
5 _ 02/12/2008 | I s reserved by Rober >h GmbH, including the case of BOSCH
All usage rights, including copying and distribution, re
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RB component trial CR (1800/2000bar, EN590, CP version)

Nec. CR to achieve B10 far | Date
PNR | Pumpno.| E status|Pitch| CR progr] WDR | cold seal CP diagnosis | 08/06] 08/13 [ 08/20 [08/27 | 3.09 [09/10 [09/47] 10/01[10/08 [10/15 [ 11/12[11/19 |
o 045 01 |685-4778] B0.2 | 6 | KDL 1000| KACO . OK 1000 | |CR passed
;&E 045_01|685-4777| B0.2 | 6 [KDL_1000| KACO - 0K - 1000 | |CR passed
S o | 045,01 |6854996| BO2 | 6 |PDL 2000| KACO - 0K | 2000 | |CR passed
Eogz | | 04501 (685-4780| B0.2 [ 6 |PDL_2000| KACO - OK 2000 | |CR passed
g%"' 045 01 |685-4776| B0.2 | 6 [PDL_2000| KACO - 0K 2000 | |CR passed
o 045_01 |685-4931| B0.2 | 6 |PDL_2000| KACO - OK 2000 | |CR passed
131_03 [685-4944| B0.2 | 6 |KDL_1000| KACO . OK 1000 | |CR passed
= CR passed with restrictions
wg 13103 | 685-4938| B0.2 | 6 | PDL_2000| KACO - CP-WDR med. wear 2000 | fo: Wear hrough ACP-WDR, feting of SV sea
o CR passed with restrictions
- 131.03 | 6854939 B0.2 | 6 | PDL_2000| KACO - CP-WDR med. wear 2000 | fuw: Wear through AGP-WDR, freting of SV seal
2% 131 03 |685-4942] B0.2 | 6 | KDL 1000] KACO - 0K " 1000 | [CR passed
;‘f. 131 03 |685-4945| B0.2 | 6 | PDL 2000| KACO - CP-WDR med. wear - 2000 | |CR passed
=S 131 03 | 685-4947[ B0.2 | 6 | PDL 2000 KACO - CP-WDR med. wear 2000 | [CR passed
=S 170_01 |691-4855| B1 | 6 | PDL_2000| KACO | -25°C R4 0K | 2001 | |CR passed
43 y CR passed with restrictions
170_01|691-4859| B1 | 6 | PDL_2000| KACO | -25°C R4 0K 2001 |00 fused flange bearing
= = Function OK Clutch piece CR passed
B = (=% 3 _Ane,
So5S 200_03 [785-4202| C |56 | PDL_2000| BRUSS | -40°C Rf g ion 749 | 13 [ 1079 | 1172 | 1336 | 1503 | 1668 | 1966 |S2000H) \) 5ioonosis OK
o No~
E = __1
S Function OK Clutch piece ~ |CRpassed
- o p )
EO S 20003 [785-4203| C |56 [ PDL_2000| BRUSS | -40°C Rt . 749 | 913 | 1079 | 1172 | 1336 | 1503 | 1668 | 1966 UM diagnosis OK
" Function OK Clutch piece o
17206 | 785-4254] C | 56 | PDL_2000 | BRUSS | -40°CRi ; 0 | 26 | 130 | 288 | 360 | 490 | 654 | 981 | 1148 [ .. | 1950 | 2000 |CR passed
embedded in CP cover i
— 172.06 |7854255| ¢ |56 |PDL 2000| BRUSS | -0y | Function OK Clutch piece o | 26| 130 | 288 | 360 | 490 | 654 | 981 | 1148 | .. | 1950 | 2000 |CP Passed with restrictions
= © embedded in CP cover due to tear in UM strainer
— E
sogo Function OK Clutch piece T,
53_% 17206 | 785-4256| C | 56 | PDL_2000| BRUSS e 286 | 446 | 614 [ 919 | 1086 [ .. | 1920 | 2000 JCR passed
2=a | | 1708754257 ¢ |56 PoL2000] eRUSS RUBGON K GBI pice Redesignsoring | - | 286 | 446 | 614 | 919 | 1088 [ .. | 1920 [F2000°|CR passed
WO = : = embedded in CP cover gn spring -
wp <t : o6 G plate w/o anti- |
PES ] unction lutch piece friction coating 500
17206 |7854258] C | 56| KDL_500 | BRUSS e s 398 lw CR passed
172.06 |785-425| C |56 | KDL 500 | BRUSS Funciion OK Gilfkh plecs 308 [ CR passed
embedded in CP cover \I

All rights reserved by Robert Bosch GmbH, including the case of patent applications
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RB component trial CR (2000bar, EN590, EFP version)
Nec. CR to achieve B10 target
PNR | Pumpno. |E staus|] WDR |coldseal | Pitch| CR progr. 1001 | 10/08 | 10/15 | 10/22 (1029 | .. | .. | 0204 [0211 |0218 | 02/25 | 03103 |03/10 03117 |03/24
= | [05109| 68601125 |B2H(G2)| KACO . 6 |PDL_2000 | 2000 | |CR passed
T, - 2000
o TP
gwis] Jos109 | esc0-126 |BRH(GA)| KACO | - 6 [PDL_2000 | 2000 | [CR passed
a <t
ESg] |o51.09| 6860127 [B2H(G2 KACO | - 6 |PDL_2000 | 2000 | |CR passed
==t - - -
=) =
a i los1 09| essor28 |B2H(E2)| KacO . 6 [PDL_2000 | 2000 | [CR passed
| 05007 | 690-01-4599 | C2H | KACO |-25°COK | 525 |PDL 2000 | 2000 | |CR Passed
@
= -
T 5 &l |os0.07 | 690014601 | C2H | KACO [-25°COK | 525 |PDL 2000 | 2000 | |CR passed
<59 - -
§£§ 050_07 | 690-01-4603 | C2H | KACO . 5.25 (KDL.500 | 800" | [CR passed
050_07 | 690-01-4605 | C2H | KACO . 525 [KDL.500 | 500 | |CR passed
- 13315 | 689-4810 | B2H(C2)| KACO . 6 |koLsoo | 800 | [cR passed
'c, E - ~ S
SE| [13815 | eeo4sit  [B2H(G2)| KACO " 6 [KDL500 | 500 | |CR passed
Qw —_
= | h33 15| eer-0243 [BoH(E2)| kaco | - 6 [PDL 2000 | 2000 | |cR passed
o
-
g; 133_15 | 687-0244 |B2H(C2)| KACO | - 6 |PDL_2000 | 2000 | |CR passed
E |
= . CR passed with restriction
Si | |15 eeo4e0s |BERIGEN KACO | - | © |PDL2000 | 2000 | JwpRin CR eaking, raing 3 (WDR wet )
[4+]
a 13315 | 689-4809 |B2H(C2)| KACO . 6 |PDL_2000 | 2000 | |CR passed
@ § gl [155.06 | 7834349 C2 | KACO . 5,25 |PDL_2000 2000 |CR passed
<29
Sy [155.06| 7834350 c2 | KACO . 5,25 |PDL_2000 2000 |CR passed
w
o Tobe i
D& gl [188 03| 789-4266 c2 | BRUSS 56 [PDL_2000 Redesign TW | 0
g% = planned
232 Toe
ow < [188.03| 789-4267 c2 |BRuss| '® 56 [PDL_2000 Redesigh TW | 0
I planned r
(=)
7 1hts reserved by Robert Bosch GmbH, including the case of pateni applications \\\'_j




ENTIRE PAGE CONFIDENTIAL

24 technical discussion Audi 02/13/2008

RB system trial CR (Audi, VW)
Type PNR bump.ﬂo. Sample| WDR cold seal. |Pitch| CR progr. 10/22 | 10/29 | 11/05] 1112 11/19 |11/26 | 12/03 | 12/10 | 12/17 01/07 |01/14 0|1f21 01/28 | 02/04 | 02/11
- 508 0%25127_ Cc Bruss 5,25 | PDL_2000 233 387 453 600 750 855 997 | 1113 | 1250 1530 | ZWM | ZWM 1654 1818 1948
20
0 % E 060 130{?'27_ Cc Bruss 5,25 | PDL_2000 233 387 453 600 750 855 997 | 1113 | 1250 1530 | ZWM | ZWM 1654 1818 1948
i s E 270407-
&} 8 E 060 0001 c Bruss 5,25 | PDL_2000 731 895 1038 | 1188 | 1331 | 1497 | 1657 | 1801 | 1993 2020 |CR ended
(]
© -
g 060 2%0:;;(%7 C Bruss 5,25 | PDL_2000 731 895 1038 | 1188 | 1331 | 1497 | 1657 | 1801 | 1993 2020 |CR ended
B 169_11 | 788-4959 c Bruss 5,6 | PDL_2000 3 13 13 389 ZWM 461 621 692 837
=g
g g g 169_11 | 788-4960 C Bruss 5,6 | PDL_2000 13 13 13 389 ZWM 461 621 6892 837
¥ e HRedesign
% s -g 169_11 | 787-4938 Cc Bruss 5.6 | PDL_2000 Piston head w/o C layer 65 197
S« UM with NC bearing
& 169_11|787-4939| C | Bruss 56 | PDL_2000 epring plate wio AFC 65 | 197
S o
%) 3 a 169 11 | 787-4940 C Bruss 56 | PDL_2000 Redesign 7 21 141 271 379
ﬁ_ Yo Piston head w/o C layer UM w,
i g ; NC bearing spring plate w/o
©832 |169_11|787-4941| C | Bruss 56 | PDL 2000 AFC 7 21 141 | 271 | 379
o
S % 200 _04 | 787-4727 (] Bruss 56 | PDL_2000 92 255 420 852 1011 1011 1266 1432 1504
=1
g E z 200_04 | 787-4728 Cc Bruss 56 | PDL_2000 113 287 399 827 952 999 1151 1314 1506
< B
& § 5 | 200 04|787-4730| C Bruss 5,6 | PDL_2000 Redesign Commissioning
= 2 2-stage OV with recess UM planned for Wk09/2008 -
B 200_04 | 787-4731| C Bruss 56 | PDL_2000 w/NC bearing ger End prep. Wk34/2008
SN
02 g c Bruss 56 | PDL_2000 Commissioning
I w
N - planned for Wk12/2008 |
. = End prep. Wk37/2008
=5 c Bruss 56 | PDL_2000
a g
ol C | Bruss 56 | PDL_2000 Commissioning
b B u planned for Wk14/2008
E E g C Bruss 5,6 | PDL_2000 End prep. Wk39/2008
oo I I I
¥ P .
e82 c | Bruss 56 | PDL 2000 Commissioning
= =§ planned for Wk36/2008
NZ Cc Bruss 5,6 | PDL_2000 End prep. Wk51/2008
1 1 1
8 his reserved by Robert Bosch GmbH, including the case of patent applications
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EA11003EN-00276[0]

Technical information CP4.1

- Tappet body

Spring plate

Roller

Roller

' [ Camshaft
%« e

Diesel systems
1 Confidential _ 06.01,2007 ;“ © All rights reserved by Robert Bosch GmbH, also
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Safety considerations for turned tappet CP4.1 m

Analytical consideration for turned tappet

Safety = loading capability / loading

Loading capability =
Aligning and locking torques about the longitudinal tappet axis

Loading =
Exciting torques about the longitudinal tappet axis

Diesel systems
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Safety considerations for turned tappet CP4.1 m
Influencing variables + loading capability boundary
conditions

1. Cam lead
Axial force, roller length, local angle of application of force on cam
2. Tappet spring torsion

Torsional rigidity of spring, "exciting" turn angle, limited by spring friction
at contact surfaces:

Friction coefficient spring seat + axial spring force
3. Friction between housing and tappet in the circumferential direction

Tappet diameter, friction coefficient of tappet housing (circumference),
medium angular velocity, transverse force on tappet

4. Fluid friction

Tappet diameter, length, diametral clearance, dynamic viscosity,
angular velocity

5. Inertia
Angular acceleration, moment of inertia of tappet assembly

Diesel systems
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Safety considerations for turned tappet CP4.1 m
Considered influencing variables

4 frictional contacts:

O i @) Hosiy rGetause0:02...0,1

ey 0.1 Jest

#mmso’_w---o’l

Hapsaw 010,13

Asymmetric surface presses

=

/

Symmetric pressing
distribution

MNYT BuIssaig
o

Asymmetric pressing
distribution

Diesel systems
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N
Safety considerations for turned tappet CP4.1 m
Safety in all four cases:
Direction of
Cam and Load status
Higes angle Camshatft first | FM Remark Safety
Maximum
1 Case | Ascending 45 | Unity NoWe delivery
2 Case | Ascending 45 | Unity NoWe Zero delivery
3 Case
; , not relevant . .
a Ascending 45 | Unity NoWe (suction) Spring not broken in
3 Case
; ; not relevant . .
b Ascending 45 | Unity NoWe (suction) Spring broken in

Diesel systems
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Safety considerations for turned tappet CP4.1 m

Further work:

. Parameterization
Safety considerations for all cam angles

. Compare boundary conditions with actual
measurements and explain for different operating

conditions

Diesel systems
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Overview of functional test measurements turned tappet CP4.1 m

Task:
« Measurement of the tappet movement about the vertical axis
» Inclusion of different operating conditions and available part types

Test execution:

e Pump: CP4.1-348 2x5.25 ZP sand casting housing adapted to EFP
e Pump fitting: on pump test bench
e Readings: - Relative rotation of the tappet body in operation, no zero-

measurand output
- Axial path of the camshaft
- Rail pressure, pump speed, ZME current

Test sequences: - Factory test sequence as in pump manufacturing
- Development test sequence DS/EHP2
- Speed ramps 0-1000 rpm with minimum rail pressure

Parameter variation: - See following slides
- Only one parameter was changed per test!

Diesel systems
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Overview of functional test measurements turned tappet CP4.1 m

Overview of influences investigated:
1. Operating conditions:

Operating )
Influence . Effect on turned tappet Picture
conditions
Engine speed Starting the pump Highest turned tappet values reached when the Page
pump starts before alignment via engine speed 11
-Increasing engine speed: Turned tappet is less
>3000 rpm During first start-up at the factory: Alignment of
tappet combination using engine speed level 3,375
rpm

Stopping the pump | No critical increase in the turned tappet when
(overrun condition) | decreasing the speed to 0

Rail pressure Starting the pump | After build-up of the minimum rail pressure
reduction of the turned tappet

Tendency: Rail pressure is higher, lower turned

Operation
tappet
Filling (I-ZME) Start + operation No detectable influence
Inlet pressure Start Even with incomplete venting, no impact
No effect on start-up without inlet pressure
Operation No influence in the context of the conditions tested
Back pressure Start + operation No detectable influence

Diesel systems
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Overview of functional test measurements turned tappet CP4.1 m

Overview of influences investigated:
2. Component influences of tappet assembly:

Component Parameter variation | Effect on turned tappet Picture
Direction of spring | right Basic case series
coiling
left No effect, the direction of turn LS depends on the | Page 12
spring turn direction
Roll Roll stuck extreme turned tappets till 30° Page 13
Roll length 24.9 mm) not rated yet
24.7 mm) _S|m|lar tq the series case, basic case also
included in all measurements
24.5 mm) not rated yet

Diesel systems
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Overview of functional test measurements turned tappet CP4.1 m

Overview of influences investigated:
3. Component influences of camshaft / housing

Component Parameter variation Picture
Camshaft axial 0.17 mm Basic case of the metering pump CP4.1
clearance
0.27 mm Slight advantages compared to 0.03 mm
0.03 mm see above
Cam stroke )
5.25 mm The basic case

No difference from 5.25 mm stroke (in

i inspections with CP4.2)
Cylinder head Wear of screw travel | No impact of turning the ZK within the screw
assembly in ZK travel detected following the alignment run.

Travel is about £ 1°

Diesel systems
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Overview of functional test measurements turned tappet CP4.1

Influencing factor: Engine speed N

¢ During first start-up of the pump, the tappet combination is aligned starting from an engine speed of >
3000 rpm (the pump test is started at 3,375 rpm)

_ UH_AngleOfRotation_cyll_seq_material_nmax3375_le_New Installed_0000 Startlng after InSIallatlon
_ OH_AngleOfRotation_cyll_seq_material_nmax3375_le_NewlInstalled_0000 procedure
___ UH_axial travel_seq_material_nmax3375_le_NewInstalled_0000 .
_ OH_axial travel_seq_material_nmax3375_le_NewInstalled_0000 same as faCkJ Ty teS“nQ
— pump spced_seq_mamri‘.dl_nmax33?5_IE_Newlnsta]le(l_ﬂﬂﬂﬂ n max = 3375 rpm
Rail pressure sea material nmax3375 le Newlnstalled (000 -
- : :J/ Max. turned tappet when starting pump after reassembly |
Turned tappet =N - r |
A F'F!ﬁll”"--— e ! L 1
Cyi e _Y‘_Wfﬁ'_f——- S T ) S — e ,_J
aalasl L=
o.= — +
. o, — i |
Axial travel P . i .’ ! T : |
oo — | — — | =) i
~o.x _ I I EEm : ; F = |
afeein T Alignment process: Engine speed increase 2500 N

mm ey smeusmm ars agems g s e e s s ey -

3000 — T
n_pump o0 — y —
12000 — = 1 1

2 : 1 1 | \_
bar l_ —
1=o0 — } | ¥
p_rail 1000 — _ |
= — SRS - P — | L
—li I | | |
- =0 100 i=o
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Overview of functional test measurements turned tappet CP4.1

Influencing factor: Coiling direction of the spring e

¢ Direction of movement of the tappet at US and LS depends on the spring turn direction

AngleOfRotation_cyll _seq_EHP_I_Outp_Meas_V1_0000

TDC_cyllseq_EHP_II_Outp_Meas_V1_0000

BDC_cyllseq EHP_I_Outp_Meas_V1_0000 . ¥ i
____ AngleOfRotation_cyll_Outp_ehp_I1_leftfed_vI_0000 First start after installation

TDC_cyll _seq_ehp_I1_leftfed_v1_((00

BDC_cyll_seq_ehp_lI_leftfed_v1_({000

i . - > !

Turned tappet 2 7] _ \ 'j’ e \\\ [~ S e

+ - — . = — = — s

ToR © | 1 S

BDC 1 § — 3 1 . | - JL - | § - | _-Ej

o : 5 . m
Turned tappet = — - — T— _— )

S1_verar. ] ™ e MR P — S

oc ¥ 1 ” | H H o

2.5 — =

5]

BDC v E

Ul = - 3

I | I ] 1=
.0 o.2 o.3 o.e o.8 1.0
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Overview of functional test measurements turned tappet CP4.1

Influencing factor: Roller stuck; detail b
e Turned tappets in along US by about 15° and realigns along LS

UH_AngleOfRotation_cyll _ramp_Oto100_RollerStat_01_0000 TDC_cyllramp_(to 100_RollerStat_01_0000
BDC_cyllramp_Uto100_Roller Stat_01_0000 __ Pump speed_ramp_Oto100_RollerStatr_01_0000 H H :
Axial travel _ramp_Oto100_RollerStat_01_0000 _ Rail pressure_ramp_Oto100_Roller Stat_01_0000 FIrSt start aﬂer |nSta”at|0n
— LA A LA LR LR
Turned tappet _% —
Cylt 83—+ SE=ST==SiEST=sS=s
TDC 53 : — 1
= —
a —
iis 57
BDC 3 —
6 —
1/min e
300 —
n_pump 200 — B
100 — _'__,_,_.---"""' :
s 8:2 ] |
. 0.2 — e — E ——— — — —— —_
Axial travel e . i
-8:9 7 '
bar =200
p_Rail 100 —
o —
-100 _| I I
=26.0 26.5 =27.0 27.5 =28.0

Diesel systems

:
O e —

with regards to industnal pr

.. | BOSCH

ghts. We reserve any right to use




ENTIRE PAGE CONFIDENTIAL

EA11003EN-00276[13]

Overview of functional test measurements turned tappet CP4.1

Summary:

Turned tappets > 10° were found only with stuck roller

With stuck roller and turned tappets between 20 and 30°, the tappet combination realigns in the
pump combination LS

When starting the pump, turned tappets up to max. 6° are measured after assembly. These turns
are reduced to a maximum of 1.5° after engine speed increase to n = 3,375 rpm or above

No turned tappets > 3° are found even when the pump starts without rail pressure and at
maximum engine speed of 100 rpm

Further work:

Inspection of turn tendency with stiff rollers (choice of friction coefficient testing and tests with
screwdriver bench)

Further measurements with disc between ZK and upper spring, possibly lubricated
Evaluate the influencing parameters of roller length

Draft criteria for the recognition of the alignment process in the factory test

Instrumentation of a BMW series pump (drawings completed, parts used in manufacturing)

14
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3711 1l Non-responsive content removed
To:

CC:

Date: 08.01.2008 15:07:00
Subject: Re: 071117 _Corrosion in pumps and injectors / NAR failures
Attachments: 791110 Protokoll CP4 Fachgespréch am 21 11 07 bei [JJj|_3_.pdf

791199 Einsatz Wasserabscheider fur US-Markt.pdf

| wish all of you in the distribution list a Happy New Year!

Mon-responsive content removed
Hello

According to me, the important topic of "Water separator, currently without feedback"” is not over yet.
The fact that VW has no negative experience with the United States may be because no analyses were
made (at least in the QA - see below).

We do not want to resort to the former VP37 analysis of 2002, right?

The Bosch numbers of 10 CoD / 1000 vehicles for a light-commercial vehicle manufacturer are still
facts (see minutes of expert meeting on 11.21.07 - page 2, last point, and annex Bosch requirement)
To rely on the hope of refueling these light-commercial vehicles at other gas pumps like our Q7 would
Be careless in my opinion.

Also the Bosch WCF Test with 300-500 ppm of water content (instead of 1%), specified by you does
not help us any further, but only delays the decision.

SECTION CONFIDENTIAL

* Do you have analyses or concrete reports from VW?

* What else should we from QA do to convince the TE (or the Company)

to finally receive the feedback on water Ievel’? (Please do not teII that it's too late now)
* Please discuss the issue again with | [T

>With best regards

>
sFrom: Non-responsive content removed

>Sent: Friday, 11.23.07 09:59:00

>TOZ Non-responsive content removed

>Subject: Re: 071117_Corrosion in pumps and injectors / NAR failures
>

>Hello I

>

>Sorry, but no one in the e-mail thread has analyzed US parts.

>Are there by any chance damage parts analyses from the US, for example at VWo0A, etc.? (We
All agree that there are complaints regarding the injection system)

>Does no one in the Group observe the US market???

>

>With best regards
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Non-responsive content rem
oved

> Fro m Mon-responsive content removed

>Sent:  Tuesday,11.06.07 9:52 AM

>To: Non-responsive content removed
>Cc:

>Subject: Re: Corrosion in pumps and injectors / NAR failures

>

S h2s apparently done it already (see his mail - point 3).

> | have requested specific statements from Bosch - | will get back to you.

> <Message: Re: Corrosion in pumps and injectors / NAR failures >>

>

>Hello [N

>Can VW QA support / confirm the omission of water separation step in the USA?
>or agree to the facts 1-5 in the Annex?

>

>With best regards

2Non-responsive content rem

>AUDI AG

>85045 Ingolstadt

Non-responsive content remo
ed

>http://www.audi.com
>

>
=0l 1M\ on-responsive content removed

>Sent:  Tuesday,11.06.07 8:06 AM
>To: Non-responsive content removed
>Cc:

>Subject: Re: Corrosion in pumps and injectors / NAR failures

>

>Hello, |

>| recommend inquiring with P astSslE- they have been active for years with TDI in series in
the USA.

=
>Bes
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>
>With best regards

>

Non-responsive content remove
d

>

>AUDI AG

Non-responsive conten
t removed

>74148 Neckarsulm

ENon-responsive content removed
>
>Www.audi.com

>Domicile: Ingolstadt

>Court of Registry: District Court of Ingolstadt

>Commercial Register No.: 1>

>Chairman of the Supervisory Board: Martin Winterkorn

>Board of Management: Rupert Stadler (Vorsitzender/Chairman), Ulf Berkenhagen, Michael

Dick, Frank Dreves, Axel Strotbek, Ralph Weyler, Werner Widuckel

>

>Ilmportant note: The above information is automatically added to this e-mail.

This addition does not constitute a representation that the content of this e-mail is legally relevant and/or is
intended to be legally binding upon Volkswagen Sachsen GmbH.

>Important Notice: The above information is automatically added to this e-mail. This addition does not
constitute a representation that the content of this e-mail is legally relevant and/or is intended to be
legally binding upon AUDI AG.

> Fro m: Mon-responsive content removed

>Sent:  Tuesday, 10.30.07 15:38:00
Non-responsive content removed

>| got the following information upon your request:>

>

>Audi failures of the high-pressure pump and injector (mostly domestic):

>* High-pressure pump none are known

>* Injectors: slightly increasing, injector's year of manufacture 2004 - 1 case, year of manufacture
2005 - 3 cases; year of manufacture 2006 - 9 cases.

>

>Important additional information:

>* There is a major German OEM in NAR, which operates with water separation and

combination indicator in series => it has no known failure problems! Here, the information

that there are regions, where the indicator hardly responds and other regions with very frequent display,
is interesting.

>* There is a well-known American OEM in NAR, which started operation with water separation and
planned combination indicator in series, but because of own software error it does not have a sharp
display => it has huge problems with CoD larger than 10/1000 vehicles. !!!

>
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>The system suppliers strongly recommend to switchover to water separation with indicator in
combination!
>
>
>With best regards

4Non-responsive content rem

>AUDI AG

>85045 Ingolstadt

Non-responsive content remov
ed

>http://www.audi.com
>

>Domicile: Ingolstadt
>Court of Registry: District Court of Ingolstadt

>Commercial Register No.: 1

>Chairman of the Supervisory Board: Martin Winterkorn

>Board of Management: Rupert Stadler (Vorsitzender/Chairman), Ulf Berkenhagen, Michael

Dick, Frank Dreves, Axel Strotbek, Ralph Weyler, Werner Widuckel

>

>Important note: The above information is automatically added to this e-mail.

This addition does not constitute a representation that the content of this e-mail is legally relevant
and/or is intended to be legally binding upon Volkswagen Sachsen GmbH.

>Important Notice: The above information is automatically added to this e-mail. This addition does not
constitute a representation that the content of this e-mail is legally relevant and/or is intended to be
legally binding upon AUDI AG.
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JT ] HlNon-responsive content removed
To:

CC:
Date: 11/16/2009, 10:00:00 AM
Subject: Re: Presentation from CP4 technical discussion
Attachments: 887 1239 water in fuel.pdf

MK
Wasserabscheidung im Kraftstoffsystem Agaregatekreis [Jjj§.oot

For your information.

With best wishes

2 ¢+]1 1 HBNon-responsive content removed _

Sent: Friday, November 13, 2009, 4:40 PM
'(';": Non-responsive content removed
C:

Subject: Re: Presentation from CP4 technical discussion

Hello Mr
| wasn't able to reach you by phone.

Do you mean dissolved water or "mixed" as a water-Diesel emulsion -> formed through free water in
the vehicle tank and turbulence through the EFPs?

Dissolved water

- Lubricity and viscocity for dissolved water are comparable to pure Diesel fuel

- Filling station fuel contains water at the limit of solubility, since the tank bottom of the filling station always contains
free water.

The proportion of dissolved water is dependent on various parameters (such as temperature, biodiesel).
Free water is created when operating conditions change (for example, operation vs. standstill, ...)

In addition, free water can enter the vehicle's fuel tank through a variety of methods (for example, through the
tank ventilation, filling at a filling station that was recently refilled by a tank truck, which whirled up the water on the
filling station tank bottom).

We had a expert presentation byttt see attachment - page 11/12 illustrates
a mechanism of how free water arises in "normal" operation.

I confirmed this process in a later presentation (see PPT presentation)

If free water (water droplets) reaches the tribological contact points (roller-cam and roller-roller support),
then we - sometimes - have water substance parameters in which the viscosity/lubricity lie outside

of what our pump can tolerate.
SECTION CONFIDENTIAL

Our pump was damaged with 500ppm water (approx. 70ppm dissolved, 430 ppm free water).
200 ppm water (70ppm dissolved, 130 ppm free water) did not do any apparent damage
to the pump.

As you can see from the CP4 Robustness presentation, additional investigations are planned to
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gain an exact understanding of the influences and damage mechanisms (Page 25, further action).

In addition:
- We will discuss the fuel parameters on the world market |
- There are activities on your side |l to assess the future use of a high-value water separator.

Please feel free to contact me if you have any other questions.

Best regards / mit freundlichen GriiBen

Mon-responsive content rem

oved

Robert Bosch GmbH
Non-responsive content removed

GERMANY
www.bosch.com

Non-responsive content removed

Headquarters: Stuttgart, Court of Registry: Amisgericht Stuttgart, HRB 14000;

Chairman of the Supervisory Board: Hermann Scholl; Management: Franz Fehrenbach, Siegfried Dais;
Bernd Bohr, Rudolf Colm, Volkmar Denner, Gerhard Kiimmel, Wolfgang Malchow, Peter Marks,

Peter Tyroller; Uwe Raschke

(S0 11 HENon-responsive content removed
Sent: Friday, November 13, 2009, 12:20 PM

LLINon-responsive content remov
Cc: [253]

Subject: Re: Presentation from CP4 technical discussion

Have you examined how the lubricity of the Diesel responds dependent on the water content,
for example, according to DIN EN ISO 12156-17?

With best wishes

Non-responsive content removed

AUDI AG
Non-responsive content removed

Domicile/Sitz: Ingolstad

Court of Registry/Registergericht: Amtsgericht Ingolstadt
Commercial Register No./HRB Nr.: 1

Chairman of the Supervisory Board/Vorsitzender des Aufsichtsrats: Martin Winterkorn

Vorstand/Board of Management: Rupert Stadler (Vorsitzender/Chairman), Ulf Berkenhagen, Michael Dick, Frank Dreves, Peter Schwarzenbauer,
Axel Strotbek, Werner Widuckel

Important note: The above information is automatically added to this e-mail. This addition does not constitute a representation
that the content of this e-mail is legally relevant and/or is intended to be legally binding upon AUDI AG.

Wichtiger Hinweis: Die vorgenannten Angaben werden jeder E-Mail automatisch hinzugeflgt und lassen keine Rickschllsse auf
den Rechtscharakter der E-Mail fir AUDI AG zu.
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S0 1 HENon-responsive content removed
Sent: Thursday, November 12, 2009, 6:13 PM
Non-responsive content removed

Subject: Re: Presentation from CP4 technical discussion

We have answered Mr. AUSCESIEIEEICIRCITES ith regard to your mail.

Please feel free to contact us if you feel the need to discuss the matter further.

Sincerely

Robert Bosch GmbH

Non-responsive content removed

GERMANY
www.bosch.com

Non-responsive content rem
oved

Headquarters: Stuttgart, Court of Registry: Amtsgericht Stuttgart, HRB 14000;

Chairman of the Supervisory Board: Hermann Scholl; Management: Franz Fehrenbach, Siegfried Dais;
Bernd Bohr, Rudolf Colm, Volkmar Denner, Gerhard Kimmel, Wolfgang Malchow, Peter Marks,

Peter Tyroller; Uwe Raschke

(S0 FIl Jon-responsive content removed
Sent: Wednesday, November 04, 2009, 7:28 PM
Non-responsive content removed

Subject: Re: Presentation from CP4 technical discussion

.. please provide the evidence for the hydrogen brittleness and stress corrosion cracking (laboratory analysis reports).
Or remove the hypotheses - that is, delete them from the presentation!

With best wishes

From: MNon-responsive content removed

Sent: Friday, October 30, 2009, 2:58 PM

To: Mon-re ve content removed

Subject: Re: Presentation from CP4 technical discussion
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Hello

| see only fatigue damage due to overload from the damage symptoms. Water could possibly

reduce lubricity and/or result in earlier mixture friction, thus increasing susceptibility of damage. The idea
that water results in hydrogen brittleness and stress corrosion cracking is not apparent in my eyes. We would need firm
evidence of this, based on examination of the damage and surface of the break. | don't think this is likely.

On the subject of water induction in Diesel. The Diesel analysis maps worldwide show that in 99% of all cases, we have less than
200 ppm, in most cases not even 100 ppm H20, which does not result in any problems in tests. Is there really
a need to harden up against higher water content?

Best wishes,

Non-responsive content removed

From:
Sent: Friday, October 23, 2009, 10:06 AM

a
Subject: Re: Presentation from CP4 technical discussion

With best wishes
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Diesel Systems
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Invented for life

water in Diesel fuel

Fuel Quality Aspects - Water

Contents

> failure types and wear mechanisms caused by water
> why do we get corrosion?
« anti-corrosive properties of Diesel fuel
» undissolved water in the FIE, where does it come from?
> corrosion in the field, what is the main driver ?
» water content-compared to the U.S.
«» survey data of anti-corrosive properties-and the U.S.
. effect of corrosive attack and anti-corrosive properties
wear
hydrogen wear
summary and conclusion
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the wcf corrosion test
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Fuel Quality Aspects - Water

Contents

> failure types and wear mechanisms caused by water
> why do we get corrosion?
« anti-corrosive properties of Diesel fuel
« undissolved water in the FIE, where does it come from?
2 corrosion in the field, what is the main driver ?
« water content - compared to the U.S.
» survey data of anti-corrosive p:'operties- and the U.S.
« effect of corrosive attack and anti-corrosive properties
wear
hydrogen wear

summary and conclusion

v o v

the wcf corrosion test

Fuel Quality Aspects - Water

Failure types and wear mechanisms caused by water

> Corrosion
undissolved water combined with insufficient anti-corrosive properties of
the fuel leads to corrosion

> Increased wear
in the presence of water a significant increased wear can be observed

> Hydrogen wear
certain boundary conditions (depending on material, very high local
compression) will lead to hydrogen wear in the presence of water

£ e mm—— S () BOSCH
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Fuel Quality Aspects - Water

Contents

> failure types and wear mechanisms caused by water
> why do we get corrosion?
« anti-corrosive properties of Diesel fuel
« undissolved water in the FIE, where does it come from?
2 corrosion in the field, what is the main driver ?
o Water content-compared to the U.S.
« survey data of anti-corrosive properties . and the U.S.
« effect of corrosive attack and anti-corrosive properties
wear
hydrogen wear

summary and conclusion

L T 7

the wcf corrosion test

.. ) BOSCH

Fuel Quality Aspects - Water

Why do we get corrosion ?

corrosion inside our FIE has 2 parents

pump

1. free (=undissolved) water

2. bad anticorrosive properties of Diesel fuel

corrosion can lead to a direct malfunction or to  valve body injector
a consecutive failure by rust particles
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Fuel Quality Aspects - Water

Anti-corrosive properties of Diesel fuel

- anticorrosive properties of Diesel fuel can be determined and classified
by the NACE TM0172 test
(we apply NACE_mod with artificial sea water instead of distilled water)
alternative standards are ASTM D665, ISO 7120

> this test method was for a long time used in AAM [t itise
Survey (unfortunately cancelled in 2008)

> Bosch has introduced this method to some surveys by SGS
(e.g. U.S. Diesel & BioDiesel Survey summer 2006
special survey data of the world wide SGS fuel survey, ...)

Fuel Quality Aspects - Water

Anti-corrosive properties of Diesel fuel
test arrangement
Standardized lab tests: NACE TM0172_mod T
DIN ISO 7120 i 1
Test principle: i I !V N I
- put test fuel into beaker ﬁi ‘
(test temperature 1SO: 60°C, NACE 38°C) s | '
- start the stirrer and place the test specimen (steel rod) g
in the beaker
- add 10% artificial sea water ot LN/
E f—- | ~d
“ s ma i e !
run the test (ISO: 24h, NACE 3,5h) FT 1
- assess the test specimen by rating A - E — i
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Fuel Quality Aspects - Water

Anti-corrosive properties of Diesel fuel
Rating: per NACE TM0172

Fuel Quality Aspects - Water

Undissolved water, where does it come from?

undissolved water can pass the (non-ideal) water separator

or

undissolved water can be “generated inside the system”

> dissolved water passes the water separator at high fuel temperature

> after turning off the engine the water gets undissolved due to cooling
down

... ) BOSCH
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Fuel Quality Aspects - Water

Undissolved water, where does it come from?

mechanism of ,generating free water” inside the FIE

cooling down after turning off the engine

250 - - T
& 200
)
2
© 150
g £y allowable water
S ‘EEm . per EN590
op — 100 -
=3y 7]
= n > TR i
8 Q@ ~ initial situation:
R g 50 small amount of undissolved
Ti= water in tank (rain when filling,

condensation water, ...)
0
0 10 20 30 40 50 60 70
characteristic of a mineral diesel fuel temperature [°C]

istribution, as wedl as in the event of

Fuel Quality Aspects - Water

Dissolving power of water in mineral Diesel & Biodiesel
6000 LI L A Al —
Biodiesel per EN14214, AVIA station Stutlgart Boeckelstrasse, date of purchase Nov. 9, 2005
Mineral Diesel per EN5980:2000-02 (without FAME), DEA, date of purchase unknown
= 5000 - - -
= °
o
E
2 4000
5
=
& 3000 Biodiesel RME
]
g
5 2000
2
E
1 1000
_a Mineral Diesel
0
0 10 20 30 40 50 60 70 80 90 100
Temperature [°C]
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Fuel Quality Aspects - Water

Undissolved water, where does it come from?

conclusion

» there is water slip even using an ideal water separator

> because of the higher water dissolving power of Biodiesel the water slip
by temperature effect is much higher (the higher the Bx portion, the
higher the water slip)

> in addition with Biodiesel(blends) the efficiency of most water separators
is dramatically reduced

the risk of having small amounts of undissolved water inside the system is

inevitable

Fuel Quality Aspects - Water

Contents

> failure types and wear mechanisms caused by water
> why do we get corrosion?
« anti-corrosive properties of Diesel fuel
« undissolved water in the FIE, where does it come from?
> corrosion in the field, what is the main driver ?
. water content [lcompared to the U.S.
» survey data of anti-corrosive properties -and the U.S.
. effect of corrosive attack and anti-corrosive properties
wear
hydrogen wear

summary and conclusion

L T

the wcf corrosion test

(i i — e () BOSCH
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Fuel Quality Aspects - Water

Corrosion in the field, what is the main driver?

situation

> the corrosion failure situation varies from market to market
> the U.S. is significantly more affected than -

what is the difference in the field situation?

> the water content in fuels ex gas station in the U.S. and the [} is
comparable (see following slide)

> but the anticorrosive properties of U.S. fuel are different from Sl
fuel

Fuel Quality Aspects - Water

Water content, survey data, U.S.A. and|Jilij of 12

35.0 +

30.0 E

.

£ 200

100

50

0.0 —uj _|]_I_|:l =] |

O 2 4 60 8 10 120 140 160 180 200
water content [ppm]
6 s I oo (&) BOSCH
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Anti-corrosive properties of Diesel fuel, U.S.A and |}

60.00

50.00

i 40.00
| =

30.00 Share [%)]
20.00

U.S. Winter 01/02
U.S. Winter 02/03
U.S. Winter 03/04 <
U.S. Summer 0 \
U.S. Winter 04/05 0.00
Area and Season U.S. Winter 05/06

U.S. Summer 06 "
I inter 05-06

10.00

NACE Rating

il eainhulur L i @ BOSCH

Fuel Quality Aspects - Water

Effect of corrosive attack in lab test

corrosion depends mainly on anti-corrosive properties of fuel
and hardly on the corrosive attack

NACE test of NACE=C fuel
10% artificial sea water

NACE test of NACE=C fuel
10% distilled water

NACE test of NACE=E fuel
10% artificial sea water

NACE test of NACE=E fuel
10% distilled water

18

o () BOSCH

Fuel Quality Aspects - Water
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Fuel Quality Aspects - Water

Effect of anti corrosive fuel properties in rig test with FIE

Common Rail Injector CRI2.2 valve spring valve ball seat valve body

1% diluted artificial sea water
test duration: 168 h (7 days)

NACE = A

no corrosion even after
1 week in service

NACE =C

CRI out of spec. after 100h
works hardly after 1 week

NACE = E

CRI destroyed by corrosion
after short time

.. () BOSCH
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Fuel Quality Aspects - Water

Why was corrosion not that big issue in the past ?

attempt of an answer

> oil lubricated system insert engine oil to the fuel. This improves the anti-
corrosive properties of the fuel (see next slide)

> oil lubricated systems have less contact with fuel

> fuel temperatures in the tank are lower with non-CR systems, therefore
the described “water dissolving effect” is lower

> dissolving power of water was lower due to lower additive concentrations
and no BioDiesel blends

. BOSCH
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Fuel Quality Aspects - Water

Anti-corrosive effect of engine oil in the Diesel

100ppm eine oil dded

synthetic mineral
0W30 15W40 10wi10

engine oil

NACE tests with

typical engine oil dosing
rates for oil lubricated FIE
(CP3.4, CP2, PF45):
30-200ppm

i
o
i
3,
]
o3

Fuel Quality Aspects - Water

Anti-corrosive properties of Diesel fuel

conclusion
> Sooner or later there is undissolved water inside the FIE

> Undissolved water leads to corrosion if the anticorrosive properties of the
fuel are bad

> The occurrence of corrosion depends on the probability of having
undissolved water inside the FIE and on the probability distribution of the

anti-corrosive properties of the refueling fuel mixture

> The failure mode and robustness w/r/t corrosion depends on the
components. This could be particles, seize up, plugging or fracture.

i I it e o () BOSCH




ENTIRE PAGE CONFIDENTIAL
EA11003EN-00326[11]

Fuel Quality Aspects - Water

Corrosion in the field

outlook

» the field situation in the U.S. is tending to get improved by
- Biodiesel blending leads to improved anti-corrosive properties until it is
non-aged
» U.S. Diesel currently uses higher additive rates due to the switch to
ULSD and the consecutive need for lubricity improvement
» U.S. mineral oil companies switch from acid based lubricity additives to
ester based lubricity additives

however

> anti-corrosive properties of fuel are not standardized in any fuel
standard worldwide

Fuel Quality Aspects - Water

Contents

> failure types and wear mechanisms caused by water
> why do we get corrosion?
« anti-corrosive properties of Diesel fuel
« undissolved water in the FIE, where does it come from?
< corrosion in the field, what is the main driver ?
« water content [l compared to the U.S.
« survey data of anti-corrosive properties Il and the U.S.
« effect of corrosive attack and anti-corrosive properties
wear
hydrogen wear

summary and conclusion

L T

the wcf corrosion test
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Fuel Quality Aspects - Water

Wear

> water causes tribocorrosion

Common Rail pump CP3.2+

30h in service with 1% diluted sea water (1:10) 500h in service without water
fosw v _BoscH 8

\  -00339mm -

1400% wear - 0,0024mm
at 6% runtime : ]

wear at
tappet to plunger
contact

Fuel Quality Aspects - Water

Wear

water in fuel causes strong wear at highly loaded tribological contacts

Common Rail CP3.2+ pump
wear at tappet to plunger contact

3077

S 251

| o=

=]

o M

o 20

©

g 157 <
_'rg 1]
— L
E 10 g
E Z
[

s

5_/

500h without water

0+ = E_

30h with 1% water*
*1:10 diluted artificial sea water lubricity of all fuels: 380-430um

5 o NN 5t s i sininmes. &) BOSCH
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Fuel Quality Aspects - Water

Wear

- water in fuel causes strong wear at highly loaded tribological contacts

> after 30h in service with 1% water we find an immense wear
compared to 500h in service without water

> even with a NACE=A fuel (no corrosion at all after 7 days in service with
1% water) we find after 30h higher than doubled wear compared to 500h
in service without water

water is an essential cause for immense wear in the FIE
even if the system is not corroding due to excellent anti-corrosive

properties of the fuel, water will lead to heavy wear
we need a water separator to be sure

Fuel Quality Aspects - Water

Contents

> failure types and wear mechanisms caused by water
> why do we get corrosion?
« anti-corrosive properties of Diesel fuel
« undissolved water in the FIE, where does it come from?
< corrosion in the field, what is the main driver ?
« water content - compared to the U.S.
« survey data of anti-corrosive properties- and the U.S.
« effect of corrosive attack and anti-corrosive properties
wear
hydrogen wear

summary and conclusion

L T

the wcf corrosion test
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Fuel Quality Aspects - Water

Hydrogen wear

vehicle in the field
very high local compression intrudes 5566km
atomic hydrogen to the steel. By
increasing the volume at recombination
into H, the structure of the steel is { .

demolished (like freezing water)

experience from rig tests:
2% distilled water, damage after ca. 70h
2% sea water, damage after ca. 20h

could become important again for new
roller-cam driven pumps

typical photo, not the' exact zoom in

() BOSCH
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Fuel Quality Aspects - Water

Contents

> failure types and wear mechanisms caused by water
> why do we get corrosion?
« anti-corrosive properties of Diesel fuel
» undissolved water in the FIE, where does it come from?
< corrosion in the field, what is the main driver ?
. water content [l compared to the U.S.
« survey data of anti-corrosive properties jjjj and the U.S.
« effect of corrosive attack and anti-corrosive properties
wear
hydrogen wear

summary and conclusion

L T

the wcf corrosion test
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Fuel Quality Aspects - Water

Summary and conclusion

- Fuel must be free of undissolved water to prevent the FIE from failure.
This is not only due to corrosion, but also due to wear

> Fuel must contain enough anti-corrosion additives to prevent from
corrosion. A water separator is necessary but not sufficient.

> The requirements to water separation rise because of increasing
BioDiesel shares. Furthermore electric fuel pumps and jet pumps
generate more stable emulsions with smaller water droplet size that
reduce the separation efficiency.

> Fuel characteristics that influence water separation efficiency (interfacial
tension IFT and separability MSEP) are important factors and shall be
known market specific (activities just started)

Fuel Quality Aspects - Water

Contents

> failure types and wear mechanisms caused by water
> why do we get corrosion?
« anti-corrosive properties of Diesel fuel
« undissolved water in the FIE, where does it come from?
< corrosion in the field, what is the main driver ?
« water content . compared to the U.S.
« survey data of anti-corrosive properties . and the U.S.
« effect of corrosive attack and anti-corrosive properties
wear
hydrogen wear

summary and conclusion

L T

the wcf corrosion test
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wcf - corrosion test

Water Contaminated Fuel Test for Corrosion
Aim:

robustness analysis of FIE component reliability with respect to water
contaminated fuel

Description:
> load-change profile - idle, medium and high load
> fuel with medium anti-corrosive properties (NACE=C) and 1% (salty) water

» both indicator test for FIE comparison and release test with runtime targets
based on experience

e m— i () BOSCH

wcf - corrosion test

Running Time Target

> based on experience (no field problems known
with CRI2)

> until 24 h:
full function of the product within TCD
limits is given (within all tolerances)

> until 72 h:
« function is given. Significant differences
to the TCD field tolerances are allowed, but
no shutdown of the engine

« no sticky or seized up machine elements -""

> attest end (168 h): == :
no failures with severity 10 (in terms of FMEA)

S s M« v i s rmisnsaas. &) BOSCH
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Water separation in the fuel system

Water separation in the fuel system, April 22, 2009

Auoi
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Necessity - Water separation in the fuel system
Classification for critical countries

Water content Measurements Free water Other countries with free

_.Non-responsive content remov &
ied

Coordination to follow
up to CW 24 for:

Non-responsive cont
ent removed

o Future coordination
.30 every 6 months in the
e — country control circuit

, April 22, 2009



Necessity - Water separation in the fuel system
Conditional suitabilit

ENTIRE PAGE CONFIDENTIAL

QoD

of current water separator Auoi

Premise: for each filling with 70 | fuel + 1 | free water

Vehicle consumption 7 1/100 km

Current water separator (93% acc. specifications from Bosch)
1 | water to 70 | fuel = 17 000 mg/kg

Mileage Separated water Water in the HP system
1000 km 0.93 | 0.07 |
10 000 km 9.3 | 0.7 1
30 000 km 27.9 | 2.1 1
DIN EN 590 limit 200 mg/kg
60 000 km 0.066 | 0.005 |

Despite the separator, over mileage of 1000 km the amount of water in the HP
system exceeds 14 x the "limit" specified by Bosch!

The customer must empty the water reservoir (90 - 200 ml) every 100 - 200 km!

SR \\Vater separation in the fuel system, April 22, 2009
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Necessity - Water separation in the fuel system
Conditional suitability of current water separator

Non-responsive content r

Tests at emoved

D3 V6 TDI (1n-zs 217), part no. fuel filter 057 127 435 E (water reservoir 90 ml)
Test: = Water reservoir in the filter compartment filled with 90 ml (fitter paper does not dip into the water)

Result: = 5871 km mileage
- 21 ml free water in the filter compartment

D3 V8 TDI (Hn-Bw 628), part no. fuel filter 057 127 435 E (water reservoir 90 mi)
Test1: = Water reservoir in the filter compartment filled with 200 ml (fiter paper dips into the water)

Result 1: = 1550 km mileage
- 47ml free water in the filter compartment

Test 2: = Vehicle filled with 80 | fuel and + 2 | water

Result2.1: = 4463 km mileage (without adding more water)
- 30 ml free water in the filter compartment

Resut2.2: = 7700 km mileage (without adding more water)
- No free water in the tank

| Water separation in the fuel system, April 22, 2009
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Necessity - Water separation in the fuel system

Technical - physical limits

System-related free water despite separation

Filter presentation AUDI, NSU, January 22, 2007

" AT n L ) | | ] ]

Water-related damage-causing mechanisms

Corrosion

Origin of the mechanism of free water in the FIE

Cooling down after parking \bstellen

<1y,

Auoi

. |

(

ﬂl/’vyg

20
| \\}\[\ E

Ly Freewater | | 2°°

i| inthe system
- i [\

Zulassige!

vl

Permissible water content

¢ as per EN590

-.____________.--

Loslichkeitsgrenze Wasser [mg/kg]
o [Limits of Water Solubility [mg/kg]

e@'ﬁ\?f/

0 10 20 30 40 50
Temneratiir Niesslkraftstaff 1°C1

Temperature of diesel fuel [°C]

2 5 —15.03.3006, 688 386 | @ Alle Rachte bel Robert Bosch GmbH, auch for den Fall von Schutzrechtsanmeidungen. Jeda
Verfugungsbefugnis, wie Kopler- und Wealtergaberecht, bel uns.,
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Necessity - Water separation in the fuel system I,
Technical - physical limits Audi

Water absorption capability in the fuel system

Filter presentation AUD| jill January 22, 2007 )

Dissolving Power of Water in Mineral Diesel & RME

6000

S I N —

Biodiesel per EN14214 88 date of purchase Nov. 9, 2005
Mineral Diesel per EN590: 2000 02 (wltnoul FAME) DEA, date of purchase unknown

93}
=
o
o

4000

rd

3000 /3/ Biodiesel RME

2000 >l
’//

Limits of Water Solubility [mg/kg]

—
Q
o
(=]

Mineral Diesel
0 M = —f——— " .l 1 }
10 20 30 40 50 60 70 80 90 100

Temperature [°C]

26 | 1505 2006 | 688 386 | © Alle Rechte bei Robert Bosch GmbH, auch far den Fall von Schutzrechtsanmeldungen. Jede \Q b

Verfiigungsbefugnis, wie Kopier- und Weitergaberecht. bei uns
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VWal paration in the diesel fuel system

Water separation function

. Filter presentation AUD| i} January 22, 2007 _

Water separation technologies
o
One-Stage Two-Stage  mesh
meltblown meltblown |
® =
. % | |
l!.. . s
4] & - A =
i ]
O : [ =
o0 co—® ¢
4 ¢ ¥
Dirt-side ¢ _/¥ H—»
® i
water ,
separation o Jd DOl -
o @ .
Cellulose hydrophobic cellulose hydrophilic ‘
resin impregnated resin impregnated
Automotive Aftermarket N\
3 1 -: 11.01.2007 | © Alle Rechte bet Robert Bosch GmbH, auch fUr den Fall von Schutzrechtsanmeldungen, Jede Verflgungsbelugnis, @‘:‘D) Bosc H
wizt Kopler- und Weiltergaberecht, bei uns

_”:]I'SSF-"Z'”Si‘-’E UGS \Water separation in the fuel system, April 22, 2009
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Necessity - Water separation in the fuel system I
Technical - physical limits Audi

Water separation with biodiesel

-Biodiesel can dissolve considerably more water (factor 20)
than diesel as per DIN EN 590

- With a biodiesel proportion of >5%, the separation
efficiency of a water separator is reduced from 93 to 35%

An efficient, practical water separation is no longer
provided in this scenario!

USRS DR C U \\V ater separation in the fuel system, April 22, 2009
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Necessity - Water separation in the fuel system
Risk assessment and measures

Decision recommendation

Audi: No use of additional water separators for critical countries!
Volkswagen: Use of existing water separators for critical countries!

-Establishment of water content up until which the damage-free condition of the
HP system is guaranteed.

- Development of a high-performance water separator including sensor system
Volkswagen/Audi. Use after proof of effectiveness and renewed damage
analysis.

- Set up various series of tests with fuel containing water in the vehicle and
components.

LS CUEUER Y ater separation in the fuel system, April 22, 2009
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Steering committee VW 08.12.09

Strainer in front of intake valve

SECTION CONFIDETIAL

- | VW requirement: <2 particles(200-400um) in residual particle test

- Requirement cannot be met with clean practices at present

- RB recommendation: Introduction of sieve in front of intake valve

« Possible SOP: 04.2010
- Intake valve strainer for pilot customers tested, SOP: 01.2010

Proposal for further procedure:

> Delivery of 2-4 pump samples with intake valve strainers | RB
— Vehicle cold climate tests in climatic chamber VW
— Validation in winter tests VW

Diesel Systems

(l-_)\.. BOSCH
04.12.2008 | © Robert Bosch GmbH 2008. All nghts reserved, including in refation to a .;__u _»‘
jucti Processing ana aisinbution, as well as re 3f special industrial property rights —
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Steering committee VW 08.12.09

CP4.1 suction valve strainer 2009 . 2010

schedule status 04.12.09 1l2lalalslelz]s]oltolaili2]1]l2]alals]e]lz]8]o]10]11)2
today

1. Pre-samples EEEEpEE TS |

(functional test, cold test, endurance test)

T
|
I
=
2. Validation samples : -
2.1 RB intemal L [ [ 1 T 1 1 [ [}
function test /cold test (test bench) LT T T T T T T 1T 1T W
~ endurance tests ' ' ' ' ' [1
_22Customer i : ] [ N A I N
vehicle cold testing (pilot customer) i ‘. | cw2/2010: release pilot customer|
vehicle cold testing (other customers) ] |
I
- }
3. Series production - I
series production (RB, supplier) :
!
I
!

) cw2/2010: RB release
’ cw3/2010: SOP pilot customer |
..Apr.ZO‘FO: SOP other customers

. milestone . customer samples . PEP Jdesign!analysis I__Imanufacturingfde!ivery I__ltesting

, — o (6) BOSCH
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Status Problems / Measures for CP 4.1 (4-cylinder)
Cleanliness Concept CP4.1

Page 1

© BOSCH Top-Q meeting 19.11.2010

Technik flirs Leben
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Status Problems / Measures for CP 4.1 (4-cylinder)
Cleanliness Concept CP4.1: Summary

Page 2
Problem 0 km nonstarters 40 i remsrer e
Cause Particles from pump jam non-return or i :zz = o mFer i
intake valve g
=> no pressure build-up when starting oo
S 40
Status 15 ppm Okm non-starter with CP4.1 20 5 EI E[ . El [5 El EI El 8
Measures - Continuous improvement through the ’ P P "'Qf
: U U R I
identification of particle sources ;mdugm ye';”ha:year LA .
in the process chain (splinters map)
and the measures derived from this Iniprogress
- Introduction of intake valve sieve for USA pumps WK 43/2010 done
- Optimization of met ring unit sieve to prevent particle bypass 12.2010

- Development and evaluation of an optimized purging concept.
Subsequent decision on the introduction of purging or To be introduced in series
comprehensive introduction of intake valve sieve. by end of March 2011

- Increased cleanliness requirements of new VW standard to be met by end of
March 2011 Derogation for CP4.1 will be extended to end of March 2011

© BOSCH Top-Q meeting 19.11.2010 VOLKSWAGEN

Technik fiirs Leben AKTIENGESELLSCHAFT
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Status Problems / Measures for CP 4.1 (4-cylinder) Cleanliness
Concept CP4.1: Cleanliness strategy (splinter map)

Page 3

: Splinter map

I
I |
| I
! I
! I
! I
|
I Internal failures analysis :
: Design improvement :
I External failures cf. material [
: database CP4 Targeted improvement of 1
. : I
I Particle tables/ and particle production and assembly | iective
: visual check database processes | Ob] ct
I
| : I 0
I Analysis of residual Paretos / Targetgd improvement particle-related
: impurities diagrams of cleaning processes : customer failures
: -Product 8 o A I
o orcin Gl
- Bought-in pa :
: observation Ishikawa :
! Daily process _ I
| confirmation Trials Weekly followups with !
I responsible persons I
' Workshops Evaluation I
| . I
| of filter :
! I
L Y Y I
© BOSCH Top-Q meeting 19.11.2010 VOLKSWAGEN

Technik fiirs Leben AKTIENGESELLSCHAFT
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Status Problems / Measures for CP 4.1 (4-cylinder)
Cleanliness Concept CP4.1: Intake valve sieve measure

Page 4

Introduction of an additional sieve to prevent
the particle from entering the intake valve
seal seat or the high-pressure area

intake valve

sealing seat

& BOSCH Top-Q meeting 19.11.2010 VOLKSWAGEN

Technik flirs Leben AKTIENGESELLSCHAFT
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Status Problems / Measures for CP 4.1 (4-cylinder)
Cleanliness Concept CP4.1: Optimization measure for metering unit sieve

Page 5

Metering unit module

ZME (metering unit)

Metering unit magnetic core

Metering
unit sieve

/

Top-Q meeting 19.11.2010 VOLKSWAGEN

Technik flirs Leben AKTIENGESELLSCHAFT
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CP4 - Field Failure USA with 5649m — QTS: 3833800

Pump type: 0445010613 /059 130 755 BC

QlS: 230003103863
QMM32: No. 4A970
Pump DoM:  4/26/2010

Ser. no.: 04-0452

Failure reason: Mechanical fault,

Deformed, damaged (as per. customer description)
Results of analysis Standard finding:
-Packaging OK, protective caps missing, approx. 5 ml fuel sample taken,
- onward and return flow supports visual check OK,
- NRV spring holders offset OK, NRV springs visual check R and L OK,
- deposit at NRV spring holders R and L
- Bubble Test OK,
- NoWe spin test OK,
- metering unit screws torque OK, deposit at metering unit adjustment disc,
- Functional test not OK. -> no excess current quantity,
- Overflow valve (OV) torque OK -> QV dismantled -> OV pistons jammed, OV with deposits,
- pump screw connections torque OK -> Pump dismantled:
- Vacuum test CH R and L OK,

- Deposit at pump parts, see pictures

f 1 |
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processing, forwarding as well as for the case of trademark rights applications.




CP4 tield failure USA with 5649 m

Roller plunger, right Camshaft, BDC

Roller plunger, left Camshaft, GP

— SYStemS 'N BOSCH
I | 12/3/2010 | © Robert Bosch GmbH 2010. All rights reserved, even those related to every availability, utilization, reproduction, &

processing, forwarding as well as for the case of trademark rights applications. ==




CP4 tield failure USA with 5649 m

Excess current piston, strainer- Excess current piston, Excess current piston
side lock-side

Metering unit adjustment disc Cylinder head, left, housing-side Camshaft, housing bearing axial
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APS on 8/22/11

Situation CW33/11

> Field action HPP rebuild to anti-wear package 2 underway
- I stopped after 500 of 5,300 vehicles
- Il 18,000 of 27,000 have been reequipped
- I 2,100 of 4,100 have been reequipped
- [ 1,000 of 1,500 have been reequipped
» Findings from CP4 Task Force Bosch-Audi are more comprehensive than late 2010
+ Failures / speed fluctuations Gen.1 engine >> Gen.2 and competition

 Tension roller Gen.1 EU6 engine provides significant improvement
 Correct position crankshaft/camshaft OP to HPP OP extremely important / toothed belt
setting (partially omitted in CD — see Russia trip task force)

»Recommendation - see last 2 pages
€11

Audi (
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Speed fluctuations V6-TDI engines

Full load acceleration
W19 EU5, Q7 W19 BIN5/EU6 Touareg W36 EU5 Touareg

— Bescieurigen D000 s Speed 59 65 —— 0 S0 [— Vol esch 0604 ten irechsolen CPC 1000 shecs Speee 50 s —— Vol Besc 0BG o Arvecischaer | — Vst CPC Panvustescn)ei 01 _seves e 5w 0o — olsl CPC mariunismetCeBicns 0 _sees
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Note: Engine speed signal evaluation method is the same for all engine variants.

Audi
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» High speed fluctuations when starting up the high-pressure fuel pump result in high
rotations of the roller in operation.

» Major speed changes in operation of the roller have an impact on the hydrodynamic
lubricant layer between roller and roller contact. > Torsional vibrations are an
amplification factor for powertrain damage.

+ A n per pump revolution

Q7 V6TDI Gen1 EU5

S* > Safety against roller slippage » 4294 sold cars
Assumption: fuel EN590-compliant > 12 settlements in MIS12

900

800

700 -
Q7 V6TDI Gen1 EU6

1 powertrain » 2234 sold cars

600

: p—

o £ i

S E 50 7 times fewer Ul known

T settlements » 1 settlementin MIS12

S ‘= 400 - than EU5

- < -> EUG6 only 1/7 of settlements of EU5
8 300 -

» 20 Evaluation period / country:

100 - FD ZP8: 06/2009 to 06/2010

. Non-responsive content remove
VATNI Gen1 FI IR VATNI Gen1 FlIA VATNI Gen? Competition (R6) d

2500 rpm 2500 rpm 3500 rpm 2500 rpm
Improvement from Gen1 EU5 to Gen1 EU6/BIn5 is achieved through different HPP belt tensioner.

V6TDI Gen2 with chain instead of belt drive for high-pressure fuel pump shows another further
improvement of drive vibrations. 1 Gen2 powertrain fault known

awdi O D D )
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APS on 8/22/11

AQUA rating HPP failures EU5 / EU6 Eaiatittil and U.S.

Random Failures

sample to 12 MIS

MY10+11 MY10 + 11
EU6 / Gen.1 528 274 140 134 0 0 0
EU5/Gen.1 MRS 14813 9483 5,700 3,783 59+6 units 1.06%  0.37%
EU6 / Gen.1 232 104 66 38 0 0 0
EU5 / Gen.1 2. 046 1,411 822 589 5+0units 061% 0
BIN5 / Gen.1 7.844 5,816 2151 3,665 1645 units  0-74%  0.40%

Summary: In[JJlil]l of 274 EU6 vehicles in the random sample, none has failed so far!

If we compare this with the EUS5 failures in [JJl§ (MY10 + MY11), the same failure rates in MY10 would
equal 1-2 failures in MY10 0-1 failures in MY11.

i of 104 EUG vehicles in the random sample, none has failed so far!
(MY10 + MY11), the same failure rates in MY10

If we compare this with the EUS failures in g
would equal 0-1 failures in MY10.

In the U.S., with the standard "stronger" EU6 belt tensioners, there were approx. 30% fewer failures in
MY10 than in [jjj} although the two fuel markets are not comparable.

s (U0
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Torsional vibration measurements @ Audi V6

Results: Speed fluctuation (p-p) pump =f (phasing position), @ 2440 rpm (3250 rpm engine)
W19 EUS (full load)

== EUBM tensioning roller

....... EUSP tensioning roller /F_-ﬁ___ﬂ\ 2000 ]

= \ 56
A NN A
L AN

Speed fluctuation of pump [rpm]
bW
./é

Phasing position -5 = EUB series

| =1 | | o
T 1 T T U T

-7 -6 -5 -4 -3 -2 -1 0 1 2 3
Phasing position [teeth]

Phasing position 0 = EU5 series

Summary:

. EU 6 tensioning roller in the center leads to approx. 250 rpm less rotation speed oscillations on the pump

. Setup position 0 or minus 5 teeth found to be best variant

. Misorientation of the pump at pump change leads to a stronger increase of torsional vibrations under certain conditions.

vertraufich | | | 02-05-2011 | 16818_EHC1 | © Robent Boszh GmbH 2011. Alls Rechis vorbehalien, auch brgl. jeder BOSCH

Verfogung. Verweriung. Repmduktion, Bearbeitung, Weitargabe sowie fiir den Fall von Schuizrechizanmeidungen
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Speed variation of pump at approx. 3.300 rev/min engine or 2,500 U/min pump:
W19 with EU5 tension roller measured in vehicle / cold:1700 rev/min (2500 +/- 850)

W19 with EU5 tension roller measured in vehicle / hot: 1300 rev/min

W19 with EUG tension roller measured in vehicle / cold:1320 rev/min (-22%)

W19 with EUG tension roller measured in vehicle / hot: 1070 rev/min (-18%)

W36 with chain drive: 440 rev/min

W19 with EU5 tension roller measured on engine: 1040 rev/min

W19 with EUG tension roller measured on engine: 800 rev/min (-23%)
W19 with EU5-SR - 3 teeth shifted on engine: 2150 rev/min (>> +100%)
W19 with EUB-SR - 2 teeth shifted on engine: 1770 rev/min (>> +100%)

* Measurements on vehicle show a similar effect, only approx. +/- 300; max. ca. 2100 rev/min

» Strong temperature influence, that is, cold engine is more critical than hot

Audi /’“‘f“f\f\\.
7 _08!19;"2011 Vorsprung durch Technik £‘ £. £ F
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Recommendation I

 Series production

- Conversion of Gen.1 series to Euro 6 tension roller (B8/Q5 not PA; VW D1) underway
- additional costs of [l are being negotiated

- Normal damage case / repair case in CS
- Installation of stronger belt tensioners for Gen.1 EU5

- Optimization of TPl and repair guide for belt tensioner, installation of HPP /

toothed belt, pre-fueling and tank content in coordination with it

- OP system
- Introduction of a "red note" in the HPP packaging with important information regarding

pump replacement (installation of HPP / toothed belt, fuel prefilling, tank contents) in

standard CS languages

E ngl iSh ; Non-respansive content
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Recom mendation MNon-responsive content removed

* Field action 23G7 Non-responsive content removed

1.All vehicles that have not been touched yet, should be converted with changed instructions (change belt
tensioner, clear note on HPP OP conversion)

2.Sample inspection on > 25 vehicles per market with executed 23G7 action to see whether setting of HPP
OP is correct

3.Sample inspection on > 25 mass-produced engines to see whether setting of HPP OP is OK; vehicle GS-2
was configured 180° incorrectly (note: check of CS position position not described in guidelines until 2011)

4. .Depending on failure rate, "wrong position HPP OP" market-specific
« Failure < 1-3% o no action
* Failure > 1-3% > Carry out new action (see item 5)

5.New action to check crankshaft/camshaft/HPP OP (only vehicles with old instructions) and if not OK,
» install stronger belt tensioner and configure HPP OP or

* (only configure HPP OT)

Vehicles outside field action 23G7 i
« Do not carry out any activities / optimized repair in case of damage (see Page 8).

audi B8 1 (ﬁ
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Ck4 .- Rebust Flange 2009.051, 2009.052

1. Change number

2. Product CP4

Diesel Systems
1 Confidential | 05/31/2010 _ £ Robert Bosch GmbH 2010. Al
re st the tua apel I

DS-002 045 748
DS-002 044 074

Bosch no.

Presentati Date
~_on _ |

First | 11/26/2009
presematlo

foIIOff 6/8/2010
16 mer no.
2nd follow 6/15/2010 |

up

New product releases for

Audi 0 445 010 611
Audi 0445010613
Audi 0 445 010 631
Audi 0 445 010 632

Change slips [n.n.] for

Audi 0445010619
Audi 0445 010 620
Audi 0445 010 624

059 130 755 BB
059 130 755 BC
059 130 755 AN
059 130 755 AK

05A 130 755 C
057 130 755 AD
057 130 755 AC
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Ck4 - Rebust Flange 2009.051, 2009.052

VW
VW
VW
VW
VW

VW
VW
VW
VW
VW

Bosch no.

0 445 010 507
0445 010 514
0 445 010 526
0445 010 529
0 445 010 5xx

Change slips [n.n.] for

0 445 010 508
0 445 010 520
0 445 010 523
0 445 010 527
0 445 010 5xx

Customer no.

Change slip DS-002045748 for

O3L 130 755
03L 130 755D
O3L 130 755 L
0O3L 130 755 AC
03L 130 755 AA

03L 130 755 A
03L 130 755 J
03L 130 755 F
03L 130 755 M
03L 130 755 AB
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Ck4 - Rebust Flange 2009.051, 2009.052

3. Description Introduction of robust flange

3.1 Reason Increase robustness for Q improvement,
improved pump performance (CP4 for
2200/2500bar) require new centering concept.
This robustness increase is to be transferred to
all CP4s (new standard). Measure to achieve the
agreed series prices

3.2 Customer advantage, benefit Increased robustness

Diesel Systems

idential | 05/31 -’U'U_ © Robert Bosch GmbH 2010. All rights reserved, also regarding any disposal, exploitation,
] distribution, and for | is.
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CF4 . KRebust Flange 2009.051, 2009.052

4. Details: Overview of changes

4.1 Press assembly in screw level
4.2 Screw connection

4.3 Cam support surface

4.4 Bushing

Series flange

Diesel Systems

4 Confidential | D5/31/2010 |— | @ Robert Bosch GmbH 2010. All rights reserved, also regarding any disposal, exploitation;,
reproduction, editing, distribution, and for the case of intellectual property rights.
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CF4 .« Rebust Flange 2009.051, 2009.052

4.1 Press assembly in screw level
Series flange Robust flange

Press assembly -

Separator level
Screw connection

-

Press assembly to support lateral forces moved to outside to
separator level of flange/housing components

Diesel Systems

5 Canfidential | 05/31/2010 |_i © Robert Bosch GmbH 2010. All rights reserved, also regarding any disposal, exploitation;
reproduction; editing, distribution, and for the case of intellectual property rights.
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CkF4 . Rebust Flange 2009.051, 2009.052

Series flange Robust flange

g

, Support for lateral forces
=== through

Support for lateral
forces through

a) Press assembly
"internal” force flow
through thin-walled
groove (notch radius)

Share: ~40%

a) Press assembly
outside at force
level

Share: ~90%

- Direct support for lateral forces through press assembly, moving proportional force
-Reduction of assembly tension due to thin-walled groove and notch radius
- Greater pressing area due to larger diameter of press assembly

Diesel Systems
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CF4 - Rebust Flange 2009.051, 2009.052

4.2 Screw connection

Series flange Robust flange
- M8 - M6
N, Open screw - High stiffness
i\ recesses due to closed

SCrew recess

- Reduction of screw factor possible through changed distribution of force absorption

- Burr formation reduced (CP4 cleanliness initiative)
- Increased stiffness of press assembly through closed screw recesses

Diesel Systems

7 Confidential | 05/31/2010 |—i © Robert Bosch GmbH 2010. All rights reserved, also regarding any disposal, exploitation;,
reproduction, editing, distribution, and for the case of intellectual praperty rights.
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CF4 .« Rebust Flange 2009.051, 2009.052

4.3 Cam support surface: Material

Series flange Robust flange

Friction
washer
(PEEK)

Cross-grooves for
bearing
lubrication

Support surface and material like
pump housing

(Si content: 12.0 — 12.8%)

BOSCH

Diesel Systems

8 Confidential | 05/31/2010 _ © Robert Bosch GmbH 2010. All rights reserved, also regarding any disposal, exploitation;
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Ck4 - Rebucst Flange 2009.051, 2009.052

4.4 Bushing

Series flange

Robust flange

Force transmission series

Force transmission of robust flange

Area of high
bearing load

Bearing length 22.9 mm

Bearing length 18.3 mm

Force transmission through customer drivetrain dominant, bearing
largely loaded on customer side, supporting bearing length unchanged

Diesel Systems

idential | 05/31/2010

al property rights.

obert Bosch GmbH 2010. All rights reserved, also regarding any disposal, exploitation
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+q - Ftobust Flange 2009.051, 2009.052

—
)
-

4.5 Process chain
* Blank:

 Flange machining:

»

New production process and supplier

Flange redesign requires modification of product
process

Blank

Supplier A

Flange machining

Pre-tur : Final turn s
Press in Drilling,
;lér:p >ingFinalt Casomer >>deburring>> Clean>

ion

ffinal
turn pump
side, drilling

pump side
= Press in Final turn Leak-tightness ch
bishin Customer, Clean 100%
I 9 pump sid /" (temporary)

)

Supplier B

F;nuarL;;J rSr: go) Pressin Final turn Clean Lea“'“?gglfss Ghec
arling bushing Customer, (temporary)

current,
M group
Forged
flange

New,
flexible
M group

New,

M group
Robust
flange

BOSCH
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Ct4 - Flotust Flange 2009.051, 2009.052

5. Bosch validation

5.0 Tests
- Extreme pressure tests bushing radial Done
- Extreme pressure tests support surface axial Done
- Press-in test flange Done
- Screw test flange Done

5.1 Function
- Exite bearing simulations Done

Diesel Systems

11 Confidential | 05/31/2010 _ © Rabert Bosch GmbH 2010. Al rights reserved, also regarding any disposal, exploitation,

reprodu property rights.
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Ct4 - Hozust Flange 2009.051, 2009.052

5.2 Flange blank (I/11)

Material tests Done
P-FMEA Done
No. RPZ > 125 4

- Assessment of possible faults:
- Porosity
- Crack formation

Protective measures:

1.) 100% leak test for finished product
2.) 100% pressure loss test after "Flange machining". (temporary)

3.) In-process sampling (machining) at flange
blank supplier

Diesel Systems
sonfid _ © Robert Bosch GmbH 2010. All rights reserved, also regarding any disposal, exploitation;
ribution, and for the c:

ual praperty rights.

12

nfidential | 05/31/2010




ENTIRE PAGE CONFIDENTIAL

Ct4 - Hozust Flange 2009.051, 2009.052

5.2 Flange blank (1l/11)

EMPB Done
Machining capability Done
2-day production Done
Process audit Done

Degree of fulfillment. 86% (internal RB requirement: 85%)

Post-audit (verify effectiveness of defined measures) Open

5.3 External purchase of flange bushing

No process change for released bushing SNR

Done

Diesel Systems
Confidential | 05/31/2010 _ © Robert Bosch GmbH 2010. All rights reserved, also regarding any disposal, exploitation;,
ducti stribution, and for the c:

ual praperty rights.
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Ct4 - Hozust Flange 2009.051, 2009.052

5.4 Screw

Process audit (result: 91%)
5.5 Flange machining with pressed-in bushing

P-FMEA "Robust flange"
No. RPZ > 125

Machining capability
Done

Internal 2-day production
Done

RB.internal releas

Customer fit-in Cmk: 2.7

Bushing roundness Cmk: 2.3
Pump fit-in Cmk: 2.3 ~ — t——

Diesel systems
14 Confidential | 05/31/2010 _ © Robert Bas
reproduc listribution, and for the

Done

Done

None

06/2010
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Ci4 - Flotust Flange 2009.051, 2009.052

5.6 Housing machining
P-FMEA "Housing"
No. RPZ > 125
Machining capability

RB internal release

Flange fit-in Cmk: 2.3

Diesel systems

1 5 Confidential | 05/31/2010 _ © Robert Bosch GmbH 2010. All rights reserved, also regarding any disposal, exploitation
reproduc editi listribution, and for the al praperty rights.
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Ci4 - Flotust Flange 2009.051, 2009.052

5.7 Product assembly

P-FMEA "Product assembly" Done
No. RPZ > 125 None

2-day production prod. assembly

(press flange into housing + screw) Done

RB internal Il release Done

Diesel Systems
1 6 Confidential | 05/31/2010 | | © Fobert Bosch GmbH 2010. All rights reserved, also regarding any disposal, exploitation;,

reproduc distribution, and far the Jal praperty rights.
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Ci4 - Flotust Flange 2009.051, 2009.052

5.8 Endurance / durability testing Bosch
5.8.1 Pre-trial

2 x 2000h Program CR Done
2 x 2000h Program CR Done
2 x 100h HFRR-QALT with GDK570 Done
1 x 210h t-HALT at nominal pressure Done

5.8.2 Baseline validation

2x150h PER Done
2x2000h System PER Done
2x350T MSS 780h Done
1x350h n-HALT Done
1x3D Vibration Done

Diesel Systems

Confidential | 05/31/2010 _ © Robert Bosch GmbH 2010. All rights reserved, also regarding any disposal, exploitation,
oducti stribution, and for the c:
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Ci4 - Flotust Flange 2009.051, 2009.052

5.8.3 Broad validation
4 x 2000h program CR with GDK 570

4 x 1000h constant CR with GDK 570
2 x 100h HFRR- QALT with GDK 650
2 x 150h p- HALT with GDK 570

1 x 3D Vibration test 500h

Diesel Systems

1 8 Confidential | 05/31/2010 _ © Robert Bosch GmbH 2010. All rights reserved, also regarding any disposal, exploitation,
I pducti ua his.
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Done
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Ct4 - Hozust Flange 2009.051, 2009.052

6. Customer validation: VW 10 x 0445 B21 116_13in Wk 4
(2x GDV, 1 x Veh. CR, 1 x engine CR)

AUDI 7 x 0 445 B20 252_06 in Wk6

1 returned to EHP so far:
- Motor CR (PZD+QVL) 892 h

7. Launch date 08/2010

Diesel systems

1 9 Confidential | 05/31/2010 £ Robert Bosch GmbH 2010. Al
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Rebust Flange — VW Engine Endurance Run Status: 6/14/2010

Customer return VW R4 2.0L

>

==

o

.

Pump:

Flange version:

Continuous run. conditions:

Pump durability test

Diesel Systems

0 445 B21 116-13
CP4.1XS-398-2x6-REC-3.3-1.95-MT4.2

0 445 D20 AK6-00 Die-cast,
Bushing w/o friction washer

Engine CR 892h, engine number 00000070
Audi C/ inline 125 KW EN 590,

Exhaust standard EUS LL

n_nom = 4500 min-1, p_nom = 1800 bar

081-4672, VW R4 2.0 EU5 2010-CP4-0426
(DNA 3923)
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Rebust Flange — VW Engine Endurance Run Status: 6/14/2010

Pump:

081 — 4672
Runtime: 892h
Fct. OK

SB OK

Detailed view of axial support surface segments Detailed view of support segment

Diesel Systems
21 confidential || 5212010 | NG Robert Bosch GmbH 2010. Al rights feserved, also regarding any disposal,

exploitation, reproduction, editing, distribution, and for the case of intellectual property rights
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Rebust Flange — VW Engine Endurance Run Status: 6/14/2010

Pump:

081 — 4672
Runtime: 892h
Fct. OK

SB OK

View of flange with bushing View of flange segments on face

x Ty

Housing fit-in for robust flange

Diesel Systems
22 Confidential _I 9/31/2010 _ | @ Robert Bosch GmbH 2010. All rights reserved, also regarding any disposal,

exploitation, reproduction, editing, distribution, and for the case of intellectual property rights
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CPd - Rozust Flange 2009.051, 2009.052

8. Capacity management

8.1 Capacity expansion of blank

> Capacity expansion for first supplier (B)
> Second supplier from E/2011 (C)

2010 2011 I 2012 2013
\|2|3|4|5|6|7|8|9||,10|11[12 1|2N4|5|6|?|8|9|10| 11|12|u|2|3|4|5|6|7\18|9|10|11|'2 1|2|3|4|5|6|?|8|9|10|11|12
1. Die-casting 2. Die-casting 3. Die-casting 1. Die-casting 2. Die-casting
plant plant plant plant plant
First supplier (B) First supplier (B) First supplier Second supplier Second supplier
(B) (©) (©)

Diesel Systems
23 Confidential | 05/31/2010 _ © Robert Bosch GmbH 2010. All rights reserved, also regarding any disposal, exploitation;,
Qi sin

tual praperty rights.




ENTIRE PAGE CONFIDENTIAL

CPd - Rozust Flange 2009.051, 2009.052

8.2 Planned capacity expansion of flange machining

2011 2012 2013
1]2]afa]s]e|7[s|o|n[n]ef1]2[a[s[s]e[7[s]o|n[ o] 1]2]a[4[s]6]7[a]0]0]n]e
|

2010
t|2]s]4]s|e[glelo[nln|e

|

f.-" M Group 5

| |FeP Robust flange

,'l | |

/ |
r—) i
MGroup6 |/ | r M Group 2 M Group 3
((new) JhP Robust flange JhP Robust flange
JhP flexible |/ |
/ | M Group 7
[ | (enhance and take over from
/ | FeP M group 1),
| JhP flexible
‘M Group 8 | /|M Group 9 1 M Group 4
(new) (New), FB Robust flange
FB flexible |FB Robust flange

BOSCH

Diesel Systems
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Ci4 - Fotust Flange 2009.051, 2009.052

9. Risk: If the defined validation program is completed
successfully, only a low implementation risk
is expected.

10. Alternatives:

Diesel Systems
25 Confidential | 05/31/2010 _ Robert Bosch GmbH 2010. All rights reserved, also regarding any disposal, exploitation,

reprodi ution, and far the tual praperty rights.




11. Customer approval:

Approval granted

Date Department

Signature

Remark

VW

Audi

Open items / requirements

Responsible

Completion deadline

Diesel Systems
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reg stribubion, o ety 1s




ENTIRE PAGE CONFIDENTIAL



ENTIRE PAGE CONFIDENTIAL

EA11003EN-01541[1]

Software extensions EC-EKP

Overview:

1.

2
3
4
5.
6
/

Starting volume flow

Volume flow in the event of a stop and restart
Volume flow offset depending on the battery voltage
Negative recuperation recommendation

Start delay

Control with initialization (KI15) and in the over-run

Control after terminal 15 off (pump over-run)

Engine development

Engine test center » Drive electronics  Engine management e Diesel engine development e Vehicle integration drive ® Gearbox development e Petrol engine development

Page 2 13th September 2011 Non-responsive content removed
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Software extensions EC-EKP

1. Starting volume flow

MNon-responsive cont

ent removed reqUirement:

e A higher fuel volume flow is needed at the start than supplied by the currently need-based control unit.

e The current Audi solution of applying this volume flow depending on the rotational speed has the
disadvantage that the pump with the higher volume current is also controlled when the engine is switched off
and no dependency on the temperature of the fuel is indicated.

Agreed solution:

o At the start (query start status which is set approx. 100ms before the starter is turned), an applicable volume
flow is specified via an indicator field depending on the rotational speed and injection volume.

e The feeding of the increased volume flow when the engine is switched off is prevented as this would be
audibly discernible.

e With an applicable delay time, the volume flow can also optionally be supplied after the engine start.

e Absolute value depending on the fuel temperature as a maximum selection.

2. Volume flow in the event of a stop and restart

Engine development
Engine test center » Drive electronics  Engine management e Diesel engine development e Vehicle integration drive ® Gearbox development e Petrol engine development

Page 3 13th September 2011 Non-responsive content removed
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Software extensions EC-EKP

e equirement:

e At high fuel temperatures, it can be necessary for the pump in the stop phase or when restarting from the
stop phase to be operated at a specific volume flow.

e Only one constant volume flow is specified in the current software structure for the event of a stop and restart
in each case.

Agreed solution:
e The volume flows should be determined depending on the temperature of the fuel.

e If the volume flow is applied at O I/h for low fuel temperatures, the supply can be shut off completely in the
stop phase or when restarting.

e Absolute value as a function of the fuel temperature
e Duration as a function of the fuel temperature

e Volume flow in stop phase 30 I/h

3. Volume flow offset depending on the battery voltage
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Software extensions EC-EKP

Ercquirement:

e At low voltages, e.g. brought about by recuperation, high rotational speeds may not longer be able to be
regulated by the fuel pump unit.

Agreed solution:

e An offset must be defined for the volume flow requirement depending on the injection volume and the

rotational speed. This offset must be weighted with a factor which is calculated from the fuel temperature and
injection volume.

e This offset replaces the previous base value.

4. Negative recuperation recommendation (DC-capable)
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Software extensions EC-EKP

e equirement:

e At low voltages, high rotation speeds may no longer be able to be regulated by the fuel pump unit. One
problem is that a higher fuel volume flow needs to be pumped at a high engine load, while at the same time the
voltage through the recuperation is reduced.

Agreed solution:

e The motor control unit already issues a recommendation to lower the voltage above the applicable engine
output. This negative recuperation recommendation must be extended such that the voltage is likewise not
reduced above a configurable sampling ratio.

e Afilter or a debouncing is to be provided in order to prevent a negative recuperation recommendation from
being issued with a short-term increase of the sample ratio (positive load step).

Note:

e A negative recuperation recommendations must be agreed with the project.

e Debouncing via dead time

5. Negative recuperation recommendation (DC-capable)
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Software extensions EC-EKP

e At high fuel temperatures, it may be necessary to control the fuel pump before starting the engine.
Agreed solution:

e In vehicles with automatic start, the start control is effected by the engine control unit. A delay is already

implemented for the start ignition after actuation of the ZAS or ZAT. The existing interface is to be used to delay

the start even when control of the fuel pump is required.

e The delay time must be dependent on the fuel temperature.

e The delay of the engine start should only take with the actuation of the ZAS or ZAT when there is a start
release (clutch or brake pedal pressed and gear lever on automatic gearbox in position P or N).

e As the pre-glow time tends to be longer than the start delay time for the fuel pump, the timing should be set
up so that the start delay also expires for the fuel pump when the pre-glow time ends.

6. Negative recuperation recommendation (DC-capable)

B cquirement:
e The fuel continues to heat up in the over-run phase of the engine. The high-pressure pump is hot in the start
and is not cooled down sufficiently by the hot fuel.
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Software extensions EC-EKP

Agreed solution:

e To provide sufficient cooling and lubrication to the HPP in the hot start too, the electric fuel pump must also
be initialized as of T. 15 ON and/or a door contact. The status must be kept active for an applicable run time
depending on the fuel temperature and a volume flow must be issued in accordance with the fuel temperature.
The functionality must be able to be deactivated/activated via a switch The functionality must be able to be
deactivated/activated when the tank is empty, in the event of faults in the fuel system, and for the production
above a configurable kilometer threshold.

e In order to cool down the HPP again, also in the over-run phase, and it must be possible to initialize the
electric fuel pump in the over-run phase. In this case, the run time and the fuel volume flow must be configurable
according to the temperature. The initialization of the electric fuel pump in the over-run phase must be
deactivated depending on the cooling air control (PWM). This functionality must be able to be
deactivated/activated via a switch. The functionality must be able to be deactivated/activated when the tank is
empty, in the event of faults in the fuel system, and for the production above a configurable kilometer threshold.
- Over-run for2 s

7. Negative recuperation recommendation (DC-capable)

e quirement
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Software extensions EC-EKP

e When turning off the engine (terminal 15 OFF), the engine still has an empty running speed at least and it
takes up to 1.7 seconds until the engine is actually stationary. In this state, however, the fuel pump was already
switched off because the pump goes into the control logic of the terminal 15 status.

e The resultis a fall in the fuel pressure in front of the high-pressure pump when the engine/high-pressure
pump is turning by itself.

Agreed solution:

e Inthe event that terminal 15 drops out, the pump is still operated further for an applicable time however not
beyond the time when the engine comes to a standstill.
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for C4 roller support: C3.1
Compare properties C2.1 and C3 in
CP4 roller support

Wear resistance Fiction coeffcient
% c
ffect = =]
Layer Surface roughness Damaging © of % =
layer particles & B0 8
58 S 9 S
S% | EG S

Substrate + indi-
vidual
layer faults

c21

Substrate +
C3 process-linked
droplets
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Further development of C3 layer system

for C4 roller support: C3.1
Comparison of C2.1 and C3 series version with C3.1

Layer structure

C2.1 layer C3 layer C3.1 layer

Component

« C1 protective layer with » C1 protective layer with « C1 layer with constant
constant hardness hardness gradient hardness

» Transition layer * C2 layer « C2 layer

« Adhesive layer 1 * Adhesive layer 2 « Adhesive layer 2

@® Carbon 1 layer (=C1) O Adhesive layer 1

@ Carbon 2 layer (=C2) O Adhesive layer 2
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for C4 roller support: C3.1
Expected properties of C3.1 layer

> Increased wear protection compared to C2.1 thanks to thin “C2" layer for
. iImpact stress
» Vibration/sliding stress
= Cavitation attack

> Friction properties in “critical” media favorable like C2.1

> Lower number of droplets compared to C3 through thinner C2 layer
« Lower risk of droplet outbreaks during operation

> Layer particles less harmful than C3 particles

> Robust adhesiveness like C3

> "C2.1 layer with C3 base as safety reserve”
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AAS DS-002036219, -36221 CP4 roller tappet introduction of optimized press-fit assembly

1. Change no. DS-002 036 219
[AUDI..611,..619,..620,..624 Eu5]
DS-002 036 221
[AUDI ..613 BIN5]

2. Product: Bosch No. Customer no.
0445010611 [Audi]
0445010613 [Audi]
0445 010619 [Audi]
0445010 620 [Audi]
0 445 010 624 [Audi]
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AAS DS-002036219, -36221 CP4 roller tappet introduction of optimized press-fit assembly

3. Description Introduction of optimized roller tappet
Polished tappet body
Cylindrical press-fit assembly
increased pressing dimension

3.1 Base Improvement and stabilization of the press-fit assembly tappet
body / tappet body through:
Omission of tolerance restriction
Omission of the settling behavior of manganese phosphate
coating
Increase in pressing force

>Reduction of side roller start-up

Diesel systems
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AAS DS-002036219, -36221 CP4 roller tappet introduction of optimized press-fit assembly

4. Details

Tappet body Tappet body
Manganese phos- «iTEE e
phate coated (all
areas)
Roller support
Roller support
- Cylindrical diameter
Semicircular
diameter - 7Um increased pressing

Pressing length 9.3 dimension

mm

- Pressing length 8mm

Diesel systems
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AAS DS-002036219, -36221 CP4 roller tappet introduction of optimized press-fit

assembly
4.1 Omission of manganese phosphate coating on the tappet body

advatages:
- No tolerance restriction in the press-fit assembly through varying coating thicknesses

Omission of the settling behavior of manganese phosphate over its service life, i.e. the extrusion force of the
roller support after continuous running time is about 30 - 40% higher without coating than with coating

Lower coefficient of friction between the tappet body and the housing, thus improved inlet behavior, reduced wear
and lower risk of particles e

Comparison of tappet body & housing after 2,000 h ensurance run: no difference in the wear pattern

Machining marks still visible
with manganese phosphate after DL

Wear area ,

Diesel systems
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AAS DS-002036219, -36221 CP4 roller tappet introduction of optimized press-fit

assembly

Tribology test for determining coefficient of friction
Force Evaluation:

S g e Lower coefficient of friction with
lower scattering at the same time
Better wear behavior

= Efficiency & robustness increase

CP4 tappet body

with manganese phosphate without manganese phosphate

Considerable abrasion

Diesel systems
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AAS DS-002036219, -36221 CP4 roller tappet introduction of optimized press-fit

5. Validation of Bosch

5.0 Function
Tribology tests
FEM calculations

Functional tests

5.1. Quality Assurance
FMEA
DRBFM

Diesel systems
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AAS DS-002036219, -36221 CP4 roller tappet introduction of optimized press-fit

assembl

6. Validation of customer RB proposal not required

With optimized press-fit assembly at sample pumps delivered to AUDI

8 x CP4 20/2 for W19 Bin5/EUG6 ... 755AL(February 2009, 0 445 B20 169 20)
239 x CP4 18/2 for W36 D4 ...755AN (0 445 B20 246 x)

207 x CP4 20/2 for W36 Q7 ...755Ak (0 445 B20 249 x)

10 x CP4 20/2 for W37 ...755AP (0 445 B20 252 01 & 02)

19 x CP4 22/2 for W37 ...755AQ (0 445 B20 252_03)

7. Launch date 12.01.2009

8. Risk no risk

9. Alternatives none

10. Remark Optimized press-fit assembly is in
series production at other customers

Diesel systems

() BOSCH




ENTIRE PAGE CONFIDENTIAL
EA11003EN-01556[0]

CR high-pressure fuel pump CP4 Annex 1.1
Agenda, 28/10/2005, VW Presentation CP4

<> Platform
> Design
> Rating
> Trial

2> Drive

> Pump construction for VW, schedule
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CR high-pressure fuel pump CP4 Annex 1.2

Characteristics

* Internally supported radial piston pump

* 1 or 2-plunger pump (V90°)

 Multiple cam and roller tappet

» Aluminum housing (no HP duct)

« Steel cylinder heads with integr. HP valve

* 1 or 2 HP lines to rail (1 piece/2 piece)

* Suction-side metering via UM

« EFP and integrated, mechanical
presupply pump (CP) possible

» Clockwise/anticlockwise rotation

« Synchronous feeding with 4, 6, 8-cyl.

* Oriented engine-mounted installation

Diesel Systems
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CP roadmap Annex 1.3

2500

2000

system pressure? [bar]
1800

1600

4

o
Ty}
™
40 80 120 160 200 240 280
1) - pressure-intensified systems, pump and rail pressure 1350 bar
Engine power [KW] - project currently postponed

2) pressure at nozzle during pressure intensification

&) BOSCH
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CP4 roadmap

T _
'DQ
O <
n
o L
P

%/ﬁ%ﬁ?ﬂ#%%ﬁfﬁm/
L

i,
~ CP42A/PCICRS 4 »
~ CP4.2A / sw/

WWW 7

E CP4.2H/ PC /| CRS3.3
o

o

S CP4.1H/PC/CRS3.3
E’ CP4.2/ PC /| CRS3.2

o

o

& CP4.1/PC/CRS3.2

2005 2006 2007 2008 2009 2010 2011 2012 2013
BN : project decided 7777 : project freeze 10.2005, postponed SOP planning 2011
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CP4 Platform Annex 1.5

Applications: * PC -, LD-, MD - engines with 3, 4, 5, 6 and
8 cylinder, potential up to 12 cylinder

Platform: * 2 - plunger pump incl. housing
» flange-@ = 50 mm, pitch circle-@ = 105 mm

* 1 - plunger pump incl. housing

Application » pump speedi = 1/2, 3/4, 1/1, 3/2, ( 2/1)
parameter: * plunger lift

* plunger- @ (only pressure amplified FIE)
Options: » mechanical feed pump

« US-fuel

Diesel Systems
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CP4 Modular Concept Annex 1.6

CRS
Cylinder Head ' 1.800/2.000 ba

. Press. Amp.
' 1.350 bar
29.0 mm

26.5 mm
project freeze

Housing

Drive

Double cam
h=4.5; 5.25; 6; 6.75; 7.5 mm
i=1/2; 3/4; 1
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CP4 Overview - Technical Information CP4.2 (1) Annex 1.7

low pressure fittings
inlet

outlet

position R

" " accept. platform var.
metering unit \acacplp )

Al-housing

camshaft
with cone

cylinder head
with high pressure
connector

flange

Diesel Systems
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CP4 Overview - Technical Information CP4.2 (2) Annex 1.8

cylinder head suction valve

high pressure pis-
ton-check-valve
(accept. platform var.)

plunger
tappet body
O-ring-groove

(accept. platform var.) spring seat

ol overflow valve

shaft sealing ring roller shoe

pump side

roller

motor side : \
(accept. platform var.) (T} 1|

camshaft
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CP4 Overview - Technical Information CP4.2 (3) Annex 1.9

suction valve

plunger

roller tappet

2-hole-mounting (pitch

circle- 105 mm) cam drive

Diesel Systems
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CP4 Overview - Technical Information CP4.1 Annex 1.10

low pressure fittings
inlet

outlet

position R

metering unit (accept. platform var.)

(ZME)
Aluminium-
housing
camshaft cylinder head
with cone with high
pressure
connector
flange B

. /f'—'_
) BOSCH
1 O Confidential _ @ Robert Bosch GmbH reserves all rights even in the event of industrial property rights. ' _/'

We reserve all rights of disposal such as copying and passing an to third parties.



ENTIRE PAGE CONFIDENTIAL
EA11003EN-01556[10]

CP4.1 with mech. FP (CP) Annex 1.11
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Comparison common rail high-pressure fuel pumps  Annex1.12

Non-responsive content removed

Ratio i [-] 1
Pitch [mm] 6.0
Piston diameter [mm] 6.5
Feed rate [mm3rev 398
Engine speed With mech. FP | [rom] 4,500 (i=1)
Pinac without mech. FP| [P 4,800 (i=1)
Efficiency [-] >80 %
@ 1000/min, 80 °C
with mech. FP 07/2008
Customer SOP
without mech. |[FP ~ 09/2006
Pressure [bar] 1,600
1,800
2,000
Pressure curve |
Weight without mech. FP [kg] 3.0
Picture > |
Animation > |
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Evaluation matrix common rail high-pressure fuel

Annex 1.15

pumps for VW R4 2.0 1 "low"

Non-responsive content removed CP4.1

1600 bar X
System pressure

1800 bar X
Ratio 1
max. power 130 kW +

o EUS +

Emissions package

USQ07 +
Efficiency +
Installation space/package 0
integr. FP From 7/2008
Maturity 0 (43,000 h)
Availability (adjusted ggagt£UCtlon Yes > |
PUMpS) Series Yes Deadlines

* previous series experience: 6 years
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N

CP4 Overview - Performance Annex 1.16 crd)

Technical Data

Drive ratio 0,5\0,75\1,0

Max. delivery rates <90/135/180 I/h (CP4.2)
Max. rated speed 4.500 1/min (w. mech. FP)
High idle 5.000 1/min

Cool- / lubrication quantity  typical 50 I/nh at rated speed
Pump inlet temperature < 70°C, short time 80° (100h), 90°C (100h)

Inlet pressure 4 ... 6" bar,, with EKP
0.5 ...1.0 bar,, with mech. feed pump
Back flow pressure 0.6 ...1.8 bar,,
*preliminary

Diesel Systems
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CP4 Efficency Annex 1.17

Volumetric efficiency @ different inlet temperatures

40°C

80°C

0.9

> 0. > 0.

> 08 > 08

c o

2 2

o )

g 07 £ 07

T #—CP4-2, 500 rpm L0 CP4-2, 500 rpm

wte== G P4-2, 1000 rpm
e CP4-2, 2000 rpm

0.6 :
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Pressure/bar Requirement Pressure/bar
sheet

1400 1600 1800
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CP4 efficiency Anriox 118

Efficiency comparison: CP4.2 vs. competitor

100% = =
e ——
b I
hMM’
&) Bty
< 80%
(=)
®
> 60%
c
2
-
£ 40%
> =$= CP4.2, 1000 rpm
@ =m= CP4.2, 500 rpm
= o
) 20% —e— comp., 1000 rpm
5 —&— comp., 500 rpm
0%

0O 200 400 600 800 1000 1200 1400 1600 1800 2000
Rail pressure [bar_rel]
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N

CP4 - Rail pressure diagram 2 cam lobes Annex 1.19 crd)

1800

Rail pressure [bar]

300 - Tn (high idle)

>

| | | | | |
100 1000 2000 3000 4000 4800 5300

4500 5000

Pump speed [rpm]
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CP4 - rail pressure diagram (double cams) Annex 1.20 cr

max. rail pressure i}, CP4

2000
1800
1600
1400
1200
1000
800
600

400 . pressure CP4 (i=1
200 | _ Non-responsive content removed

Rail pressure [bar]

0 1000 2000 3000 4000 5000
Engine speed [rpm]
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N

CP4 quality and customer benefits Annex 1.22 crd)

General:

> New generation of CR HP pumps with high pump frequency
2 Significantly improved hydraulic efficiency

> lower power losses

< Additional quantity and pressure potential

Drive

<> Roller tappet (roll contact) instead of polygon (sliding contact)
> Avoidance of mixed friction allows greater Hertzian stress

> Cam profile optimization allows improved feed rate

High-pressure/low-pressure seal points:
2 Reduction of high-pressure seal points:

CP4.1: 2 pieces CP4.2: 4 pieces

< Reduction of low-pressure seal points:

CP4: 1 locking ball
(=) BOSCH
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CP4 trial Annex 1.23 crd)

2 standards of testing

‘,// \

Standard tests HAL tests
(constant load- and program- (= Highly Accelerated
endurance tests) Lifetime Tests)
Long-term testing with practice operating conditions increased out of
orientated standard operating specification

conditions in specification

Target: finishing tests without failure Target: forcing failures

B10-design validation /

Diesel Systems
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CP4 trial Annex 1.24 crd)

/- HAL test

1. Determination of weak points
2. Comparison of counter measures

3. Design validation 1. Comparison of counter measures
Stepped tests "Crash tests"
a) 1 parameter: p, n, T, ... a) Selected operation condition to
A l_,/ el force one special failure: p,n, T, ...
| specification conditions 4
; , N

b) Several parameters: p,n, T, ... | specification conditions
4 Y

i r.F'I it |—.|:'I_.|- specification

1 | » conditions

Diesel Systems
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Sample complaints CP4 Annex 1.25 crd)

Customer failures as at 14/10/05

Pump type Cause of failure Sample  [Quantity
level
CP4.1S Oldham worn out B1.1 4
B3 1
CP4.1S Roller / cam wear, bearing melted B1.1 1
CP4.1S Chip in the intake valve seal seat (source: UM 81 1 1
flange reworking) '
CP4.2 Oldham broken (dihedron and clutch piece) roller
; Al.1 1
surface fatigue, surface roughness NOK
CP4.2H Overflow valve claw plate broken A1.2 1

Quantity of customer pumps delivered: 350

Diesel systems
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Sample complaints CP4 Annex 1.26 crd)

Failures™ as at 14/10/05

Pump type Customers | Customers Remark
CP4.1 CP4.2

Sample level

CP4.1 no A1 sample
delivered

A1 -/ - 2/10

B0/B1 6/74 0/64 Last sand casting versions

CP4.1 no B2 sample
delivered

B2 -/ - 0/15

B3 1/100 0/87 With customer since WK 20/05

* No. of failures / no. of delivered pumps
total: 350 pumps

Diesel Systems
Confidental |k £ Robert Bosch GmbH reserves all rights even in the event of industrial property rights.
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CP4 status durability test with RB Annex 1.27

Optimization point Solution approaches

Start-up on face of roller . _Rb'll_er SUppOl’f: Minimization of"i'ncorreét'
on tappet body positioning roller axis to cam axis
* Further parameter optimizations * *

Durability of roller / cam « Grinding parameter optimization on roller
drive support and cam track * *
* Improved C coating on roller support **

Durability of flange and * Modified LP circuit *

housing bearing « Improved bearing material (PEEK) *
* Anhebung Grundspiel um 5um bei beiden Lagern *
+* Diameter of housing bearing 22mm (previously 20mm) *
« Stiffening of housing / camshaft *

Durability of Oldham * Application upper limit 1,800 bar
coupling

* Implemented from CO
** Feasibility in C1 sample

Diesel Systems
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CP4 drive damage Annex 1.28

2 Main error in internal trials
« Start-up on face of roller/tappet body
* Wear roll/cam track

< Main causes
* Incorrect positioning/angle between roller and cam axis
« Start-up and locking of roller in tappet body

2> Measures
» Task force to investigate cause of damage and take
remedial actions set up
» Cause of damage understood
» Immediate measures implemented in CO sample

 Further measures under investigation, implementation in C1
sample as appropriate

Diesel Systems
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CP4 status durability test with RB Annex 1.29 crd)
Status durability text CP4

Program durability test, 2,000 h
1,800 bar (CP4.1/CP4.2) 22 test objects / 3 passed
« 2,000 bar (CP4.1/CP4.2) 5 test objects / 3 passed

Constant durability test (specification limits) 1,000 h
1,800 bar (CP4.1/CP4.2) 2 test objects / 2 passed
« 2,000 bar (CP4.1/CP4.2) 3 test objects /1 passed

HALT * (n-, p-, T-, FL-)
« 1,800 bar (CP4.1/CP4.2) 16 test objects / 10 passed
« 2,000 bar testing in progress

* HALT = highly accelerated lifetime test

Diesel Systems
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CP4 status durability test with RB Annex 1.30 crd)

Start / stop durability test
1 test object / 1 passed (CP4.2)
1,000 h, 300,000 cycles (50% with pressure maintenance
function)

Total running time
* CP4.1 1,800 bar: 43,000 b B sample
» CP4.2 1,800 bar: 25,000 h B sample
* CP4.x 2,000 bar: 8,000 h A sample

Diesel Systems
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CP4 trial Annex 1.31

Positive highlights of HAL testing with A, B samples:

2> HAL durability test successfully passed up to 2,750 bar
<> HAL durability test successfully passed up to 6,000 rpm
2 First positive HAL results with poor-lubricity fuel

HALT: Highly Accelerated Lifetime Tests)

Objectives:
> high reliability in series production
> utilize CP4 future potential

Diesel Systems
Conhdental i © Robert Bosch GmbH reserves all rights even in the event of industrial property rights.
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CP4 drive torque Annex 1.32

Measurements with EFP version, cone drive

140
0 NROLE S cPai
W4 4 W44
1
00 n = 4,500 rpm n = 5,000 rpm
80 p_Rail = 1,800 bar p_Rail = 1,800 thar
€ 60
= 47
c
— 36
o 40
&
'6 20 15 11
|_
0
-20 -14 16
-40
2x6mm 2x6 mm
B maximum torque @ average torque O minimum torque
Diesel Systems
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CP4 drive torque Annex 1.33 crd)

Main factor influencing the maximum torque of the pump drive is
the pump installation:

> lowest values with cone direct drive (chain, toothed belt, gear)
> Increase up to factor 3 with Oldham or loose entrainment drives

Torque measurements:

2> Measurements available with 6, 6.75 and 7.5 mm cam stroke

> 4.5 and 5.25 mm not yet sampled, will follow later as not
critical

Diesel Systems
33 v I1I ! 1 ..-._.-..-=-.|..-:.---:- n— __”.,f_...:. ) ._l”<‘l ( I.,,I.”‘ all nghts even in the event of industrial property rights.




ENTIRE PAGE CONFIDENTIAL
EA11003EN-01556[33]

CP4 for VW R4 Annex 1.34

Schedule

2005 2006 2007 2008 2009

!za 4:555:75559:105115[2 1.2;3:3:5_5 758 9:10511'12 1?2 3;4:556;? E:Q_I():.Ir:l? 1/2 sgd.siEE:’.ajBEmEni‘z 1 2:3 4;555 728'9 |u.||:|2
VWR42.0L- - [] [ | L] L1
VW construction stages | [ K Al V2 PV| |0 : ' [ | '

RB CP4.1 (EFP) | | LIy |
Quote | | B ' ' '
1800bar ' ' ! ' | | |
RB CP4.1 (EFP) ' A0 0 0 ) e (B ' ' '
New user 1T I11] E | s |

1800bar T ' '
RB CP4.1 (FP)
Design | ' | | | | | |
Production ' : ' . | - | |
Trial HEN o || ' P T[T
Customer contract duration | | | | | . | ]| j | : nae

Sample delivery TTTTTTTTT] . N 1T E - : TTTE _E
1800bar, EN590 [ [ | | | | ! |

VW [K|Concept  [V1 |BStV100 [V2 |BStV200 [PV |Pre-series 0|Pilot series
Bosch BAsample B sample [§Csample iDsampe [JisSiR  EJRB-sopP

Remark: Order 5 months before delivery

Diesel systems
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CP4 for VW R4 Annex 1.35

Assessment of VW-spec. characteristics as at 26/10/

Characteristics Implementation
(differ from pilot application) (K: concept engine WK46/05, M: sample delivery, S: series)

Height reduction required to protect
pedestrians with 2 corresponding dimensions:

1. Reduction of flange material in < K: not possible due to delivery deadline
mounting bore area from > M, S: Feasibility through cast modification or re-
r.12mmtor. 9.5 mm working being tested (strength test nec. WK46)

2. UM (radial): Height reduction from 118
mm to 112 mm (based on pump center) > K, M: Reduction to 115 mm is being

implemented

> S: Feasibility of 115 mm being tested
2 General: < 115 mm not possible
(redesign of housing required)

= Implementing both maximum requirements
might not be necessary, being tested by VW

Diesel Systems
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CP4 for VW R4 Annex 1.36

Assessment of VW-spec. characteristics as at 26/10/

3. HP outlet: Orientation VW-specific 2> K, M, S: 90° (to rear) being
30-90° from the transverse axis ~ implemented as agreed
4. Shaft: Cone with external thread > K, M, S: being implemented
5. Housing: Mounting bore with thread instead 5 K: remains through hole
of through hole > M, S: being implemented
6. Direction of rotation: clockwise > K, M, S: being implemented

- General: Functional effects are being tested

- meeting the space requirement is highly probable, further details to follow (WK46).

2 There are significant differences bet. VW-spec. CP4 and the pilot user.

< The implementation of characteristic 1 determines the sample lead time in particular;
delivery category 3 (90 days) still to be scheduled for reworking or cast modification.

2 Pumps for the concept engine in 12/05 will possess all characteristics listed except points
1 and 5.

Diesel Systems
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CP4 - outlook for 4-cyl. engines Annex 1.37

Pump construction for VW 1.6 1/2.0 1 "low"& "high":
HP pumps:

2 RB proposal (synchronous HP feeding):
1.6 1: CP4.1, ratio i=1, cone drive
2.0 1: CP4.1, ratio i=1, cone drive

LP pumps:

<> RB proposal: CP4 in EFP version
pot. combined with engine-mounted
presupply pump

> alternative: CP4 with integrated mech. gear pump

(available from 07/2008)

Note: Pump selection based on estimated delivery rate values and other framework conditions,
as no official VW values are available

Diesel Systems
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= L]
DS VMU standard lead times 2 Half-year '05 Annex 1.38
High-pressure pump Rail

1H N2 3 3NH 4 N5 WFR LWR2 LWR3/4
Cat.1 40 55 40 50 60 70 35 40 50
Cat.2 50 65 50 65 75 80 45 50 60
Cat.3 70 95 70 80 90 90 50 60 75

CR injector (car) CR injector (CV) DENOX HCI
3.0 3.2

2 &4 s 3.3 2 3 4.1 4.2 1,2, car
Cat.1 35 45 50 50 45 45 75 70 35 35
Cat.2 45 50 60 60 55 55 80 80 45 45
Cat.3 50 55 70 70 70 75 115 90 65 60
Lead time in working days (80 % - completion) Definition of contract categories: see page 2
Capacity-related deviations are possible

) BOSCH
1 Interna 2 All rights reserved by Robert Bosch GmbH, including the case of patent applications. Al W _" /
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DS VMU standard lead times 2 Half-year '05 Annex 1.39

Category 1 Repeat order; check drawings and
parts lists no technical changes

Category 2 Variant on existing base; blank or cast
available as output component

Category 3 Redesign; significant deviations from the
previous delivery, check installation
situation; procurement of new tools and/or
output components,

BOSCH
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Cure status AWP (Anti Wear Package), standardization CP4.1

Overview of AWP (Anti Wear Package) sample features (B1)

High-pressure piston: Lateral surface: C coating
Piston base: reduced roughness, C coating

Roller support: Area of contact of the piston base support surface increased and
roughness reduced

Roller: DMOS5, finer granularity
Tip: Area of contact increased and roughness reduced

Camshaft: Tolerance restriction of roughness and area of contact of the cam
track

Spring plate: Anti-friction paint coating

Housing - tappet hole: Increased strength through heat treatment

Standardization CP4.1

Bosch scenario: => EUS first start-up with basic pump
=> USO07 first start-up with AWP pump

=> Unit pump from 09.01 (depending on the decision

VW obijective: => Unit pump CP4.1 at first start-up US07 from 08.01

Author: -

Date: 04.10.2006 Non-responsive content removed
File name: AWP (Anti Wear Package) status, Standardized CP4.1

Page:1/1
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CP4 Anti Wear Package (AWP)

About AWP B1-pattern characteristics

Tappet hole housing

Increased strength
through heat treatment

Spring plate
Anti-friction coating

Roller
DMOS5, finer granularity

Roller tip

Area of contact of the surface
increased and roughness re-
duced

Camshaft

Tolerance restriction of roughness
and area of contact of the cam track

Diesel systems

2 Conlidential | . 02.15.2006 | © All rights reserved by Robert Bosch GmbH, also with regards to indusirial property
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High-pressure piston
C-coating lateral surface

High-pressure piston
Roughness of piston base re-
duced and C-coating

Roller support

Area of contact of the surface
(piston base support) increased
and roughness reduced

Roller support
Roughness reduced
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CP4 for VW

Robustness Packages (RPx)

RPO
Task:
Content:

RP1
Task:

Content:

RP1+
Task:

Content:

RP2 task:
- CP4.2:

Content:

1 I o - 2010 [ | © Robert B

exploitation, reproduction, editing, dislribution, and for the cas

- Reduce wear and tear (especially avoidance of piston seizure)

- red. C coating on the pump piston
- One-piece carbide coupling (pump with mechanical gear wheel feed pump)

- Increasing the load capacity of hydrodynamic lubricating film between the roller / roller support at a lower
viscosity and poorer lubricity
- Reserve robustness for temporary overshooting of specification

- Reduction in the roughness of roller supports, opt. Surface

- Safe prevention of metal chips (process C2)
- Reduction of the roller clearance to the roller support

like RP1, additional reduction of wear and cavitation in the tappet hole in conjunction with poorly
lubricating and low-boiling fuels, improved load distribution in the roller support

-like RP1, but C3.1 coating

-Reduction in the radial clearance of tappet body to housing

-Reduction in the axial clearance of piston base to roller support

-Reduced form tolerance of the roller hole in the roller support in conjunction with a radius of 70,000

Optimized temperature balance (only for CP4.2 rotating clockwise with EFP)

- change in position of the inlet hole in the powertrain compartment
- robust flange (enlarged overflow cross-section)

h GmbH 2010. All rights reserved, also regarding any disposa

if Industrial property rights
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Drivetrain Damage Diesel High-Pressure Fuel Pump CP4.2

Summary of activities:

» Current cases of damage 799 bills worldwide, of which 428 in [} — see Appendix (drivetrain damage in approx.
90% of cases)

» Information from ] Task Force:

Striking features of fuel (FAME acidity) due to increase from approx. 3% to 7% biodiesel in [Jjjjin 2009
Damage in- different from SEEEEEXEEEEl (cam path smoothed, shaft seal worn, etc.)
Individual C coating batches feature high failure rates

» Failure hypotheses from Bosch for[JJjj market:

Tribochemical wear: Oxidation of camshaft - Oxide adhesion from cam roller > Smoothing of camshaft -
Reduction in frictional coefficient (counter to aim of higher frictional coefficient for cam roller / cams)

Deposits from biodiesel: Deposits—> Increased frictional coefficient cam roller/roller shoe - cam roller sluggish
in roller shoe - slippage between cam roller / cam - Wear + material abrasion

Microorganisms in fuel: e.g. algae - Acidity due to metabolic products = Corrosion of am roller + cam shaft >
Increased frictional coefficient + Surface damage - Wear + Material fatigue

» Other steps:

Continuation of detailed fuel and damaged pump analysis
Evaluation of all failure hypotheses / Ishikawa diagram
Attempt to reproduce damage mechanism on test bench

Comparison of production parameters CP4.2 (Q recordings) without indication of deviations favoring damage -
further analyses for previously unspecified parameters (particularly C coating; component geometries)

Current status regarding introduction of robustness package (planned SOP July 2010):
Production + measurement of individual pump parts First test bench results with critical fuel end January 2010

R o crtrain Damage High-Pressure Fuel Pump CP4.2, 4. December Audi Fﬁ_\(ﬁrﬁ
2 2009 Vorsprung durch Technik %30 30 3/
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Task Force — Anti Wear Packages @ CP4
|

1) Field situation

2) Comparison of injection systems
3) (Anti wear package 1 (RP1))

4) Anti wear package 2 (RP2)

P TS |
S) st pump
6)

lemoved

oad test pump with RP2

Diesel Systems
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1) Field situation

Non-responsive content removed
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"il.

C#d Task Force Audi, Failures

Production and failure dates of 1282 il pumps (DoM 07-10)
(Average values to failure: 600 days, 55,818 km)

180 9
55 [ ®
- — — — o
i5a M Repair date: Failed pumps 8 E
M Production date: Failed pumps 3
140 DoM of pumps with preliminary damage 7 E
# DoM good pumps ‘ E
o 120 : 6 =
: 58
2 100 = E
o 2 o
2 | ‘ g o
‘™ 80 4
£ 3 5
° 2o
g 60 - = i3 1 3 S @©
E \ 2
= o
> 40 - i = 2 E
=
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Italy:

> Pumps from 2008/9 suffered preliminary damage in [jilifin early 2009
» Preliminary damage level 20% from analysis of good pumps
Therefore, fuel-related "on-site actions" will only deliver limited

findings for further cause analysis, if at all.
Questions:
Why don't the competition have any problems in gl
Why is VW CP4.1 lower than Audi CP4.1 ?
Measures:
- Back measuring: 25 new presupply pumps
25 low-pressure systems |l
- Check distribution impact and possible aging statistically for the
LP system
- Targeted tests with aged biofuel

Diesel Systems
[SSONGERNEI - on-responsive content removec
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Examples of aged fuel on the intake valve (CP4.1
4VW372 DoM Mar 08 35,010 km

No drivetrain damage

4VW4VW354 DoM Sep 09 5,358 km
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on-responsive ¢
ent removed

1. Continued high failure rates, even with 2010 production date

2. High rates of repeated failures in certain areas of S

Questions:
Why do pumps with RP1 measures handle our Q and
why do pumps fail so quickly in I

Why don't any other customers in il have problems
Measures:

On-site action needed to understand problem.

Quickly bring RP2 pumps to &l in repeat case

Diesel Systems
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1) Comparison of injection systems

Non-responsive content removed

Diesel Systems

9 [SERUGERNEINI N on-responsive content removed Robert Bosch GmbH 2009. All rights reserved, including all
use, exploitation, reproduction, processing, distnbution and in the case of intellectual property rights




ENTIRE PAGE CONFIDENTIAL

Cenmiparison CP4.2 - FIE

W19 EU5 W36 Competition Impact on drivetrain damage
(1800 bar) (1800 bar) (1800 bar) W19/ competition
Rotation direction RL RL LL LL temperature advantage
Piston diameter [mm] 6.5 6.5 6.5 No influence in the context of
exactness of temperature
Cam stroke [mm] 4.85 5.625 5.25 measurement
Tip circle [mm] 47 47 47
HP delivery rate [I/h] 81 80 78 No impact
Drive torque [Nm] min. max. | min. max. min. max. | Checkimpact on torque and bending
force on W19 temperature compared
Engine -7 30 25 57 13 40 to competition W36
-PB (@ 4500 rpm, 1800 bar) -8 29 -10 35 -9 35
Transverse force on camshaft 0.4 2.4 ~0 2.5 1 4
[kN]
oV OV identical in all CP4 EFP types No impact
MU MT 2.0 MT4.2 MT 4.2 No impact, all engines max. 120 I/h at
120 I/h 220 I/h 220 I/h We

Diesel Systems
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CP 4.2 Portrayal of cam profiles and torque/forces

on the pump
Portrayal chain drive W36/W37 Pump drive W19

_-“
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(hri)
Hexagonal flange nut a8 Contact role
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Tension pulley 059 1} 3P = o
o 9 T 03/ otated pump
oMok Section A-A ; N 200 637 03/06 s
Sthaitt A-A | Screw-and-washer assembly .
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CP 4.2 Portrayal of cam profiles and torque/forces

on the pumpg
Comparison of cam stroke and cam profiles W19, W39, competition
mm &
P oL _._.5,625 mm W36, fillet T i
2 ‘. N _._. 5,25 mm competition,fillet ‘ e
Cam pitch 4. —} D 485 mm W19, fillet
Only 1 cam! 3 — 3
2 —
¢
mm/s |

200 /
C1000 0
Only 1 cam! e /

m/s2

B1000
Only 1 cam

¢

| |
270 315 360

Turning angle Eracl

@) BOSC
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CP 4.2 Portrayal of cam profiles and torque/forces

on the pump
Measurements W19/W36/competition: Cam profile results: 4500 rpm/s, full load
mm 6 —
7 i e _._. 5,25 mm competition,fillet i
Cam pitch 3 —| = 4.85 mm W19, fillet =z
Only 1 cam! £ : '
mm/s — ] B o
200 — .
-600 —j _
m/s2
200 —
= 1\ s
0 1
B1 000 -100 — k_’J \\_’J
Nm
Pump
torque
0.5 :: .
__uT/.0T 0.0 — —
Only 1 cam! 0.6 — b
KN '
4 =
F RBes 2
I:-J.‘:I: 1 1 —

I | | I I | | | I
o] a5 90 135 180 225 270 315 360

Turning angle 5, .4
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CP 4.2 Portrayal of cam profiles and torque/forces

on the pumg
Measurements W19/W36/competition: Cam profile results: 4500 rpm/s, full load
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4) Anti wear package 2 (RP2)
|

Robert Bosch GmbH 2009. All rights reserved, including all
| property rights
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Task Force — Anti Wear Packages @ CP4

Anti wear package 2

Task
Reduce local temperature in right roller support to level of CP4.1 and CP4.2 CCW

Measures
» Opt. arrangement of inlet & return position (exchange inlet/return connections)
» |Introduce robust flange (increase overflow profiles)

Result

Reduction of temperature in lubrication gap by 24°C (from 136°C to 111°C @ 80l/h @
70°C inlet) in Qold

This is the same level as CP4.1

Test of Qold2 endurance runs at R.B. passed

Pumps delivered to Audi for trial

Serial start planned from week 45

) BOSCH

Diesel Systems
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Task Force — Anti Wear Packages @ CP4

Anti wear package 2

Metering unit

Return

Fuel goes directly to return Fuel is circulated once

CP4.2 EFP cw Audi W19 CP4.2-EKP cw RP2 for Audi W19

2 1 Confidential | N[eaR{EE ey Robert Bosch GmbH 2008. All rights reserved, including all
use, expioitation, repro lon, processing, al pution ar n of intellectual prope rights
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Task Force — Anti Wear Packages @ CP4

CP4.2 Audi W19: Roller support temperature as f(coolant/lubricant volume)
Robust flange;\n=1000 rpm; p_Rail= 2300 bar; T_All=40°C

140 \ -
Targef . ,\,,.3_\?'""3' ?t?tus Initial status: RP2 without RP1:
v 70°C inlet - B psctpTemination - Serial flange - Inlet mirrpred
) N : . - R3 roller support - Robust flange
1 ? Temperature reduction approx. 24°C : | Extrapa - R3 roller |support
120 .\ Extrapolate
’ Contac e on RS (series)
110 —
o 1<
= 100 Extrapolate to ] . S S N .~ (S i 7 et [
2 Contact 1emperature on RS (RP1.1) : - \ ;
o :
gl 90 i - 0.I .. — e — — . -
5 : T_Inlet 40°C --> 70°C
% T Inlet 40°C --> 70°C .: > - - Target solution RP2 incl, Rprﬂ N\
T go- = . S £ - Inietamirrored e B
= - Robust flange o, ~ ¥ .inléJ '
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Task Force — Anti Wear Packages @ CP4

Anti wear package RP2

Proof of effectiveness through overload test (150 h with low viscosity)

Initial status

] ! Roller support
Series with C3 layer from test

2009-CP4 0728

H uncleaned

Reduction
Deposit formation

Roller support

. from test

RP2 | 2010-CP4_304/305

uncleaned

Diesel Systems
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Task Force - CP4

RP2 impact:
Reduction of temperature on right roller support has 2 effects:
»  With lower temperature, lubrication gap has higher reduction
» of deposit formation, up to full prevention
- Better inflow in lubrication gap
- Tilting movement of roller in start case enables establishment of
hydrodynamics

If flushing quantity is reduced greatly, positive impact of RP2
is overcompensated

BOSCH
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EA11003EN-01863[18]

4) DiagnOSIS Of!Non_respOnSi"e cont

ent removed

Non-responsive content remov
pump-:

Non-responsive content removed

Wil
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CiPd.2 Audi

2010-CP4_0644
Failed pump field delivery date unknown
0 445 010 611; DoM: 100121 BPT 1190; Chg-Index 05; 059 130 755 AH

Diesel Systems
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Task Forze - CP4

Pump shows typical drivetrain damage
Right roller support destroyed first by abrasive wear
Left roller support killed later (turned tappet)

Abrasive wear matches low viscosity in il
Right roller support: first deal with roller support temperature

BOSCH
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EA11003EN-01863[21]

4) Diagnosis " pump road test with RP2
|

Robert Bosch GmbH 2009. All rights reserved, including all
Intellectual property rights
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CiPd.2 Audi

2010-CP4_064 3l To <t RP2 with 43,189km
W36 0445 B20 321_01; 000005 BPT 4000; ENT 301 181 KL

Slight smoothing tracks

Diesel Systems

29 Confidential | WelEEE el ) Robert Bosch GmbH 2008, All rights reserved, including all
use, exploitation, reproduction, processing, distnbution and in the case of intellectual property rights



ENTIRE PAGE CONFIDENTIAL

CiPd.2 Audi

Non-responsive content rem

2010-CP4_0643 & Test RP2 with 43,189km
W36 0445 B20 321_01; 000005 BPT 4000; ENT 301 181 KL

Light deposits

Diesel Systems
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Task Force - CP4

Pump with RP2 in very good condition after il road test
1.Minimal deposits visible in roller support

2.Rollers like new

3.Slight deposits on spring plate

Summary:

Best result of all s road tests with 6 cyl. (6 CRs evaluated)

BOSCH
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EA11003EN-02083[0]
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"Power loss" of high-pressure fuel pump, Touareggvé TDI
FPQ 09.21.2010 i
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EA11003E N-O2083[& "
Product Quality Forum

- "power loss" of high-pressure fuel pump, Touareg V6 TDI

Problem: Powertrain damage to Bosch high-pressure fuel pumps CP4.2

2135 cases of damage worldwide in low-quality fuel regions (1,150 in - 284 in -)
Cause: - aged biofuel in conjunction with high proportion of fuel additives
- low fuel viscosity and poor lubricity

Analysis: - - High temp on the right roller support leads to deposits formed from decomposition of the additives
- Deposits impede formation of the lubricant film between roller and roller support
- "Flat spots" cause powertrain damage due to stationary roller of the pump
- Reduction in the frequency of damage by 80% from MY08 to MY 10 through measures packages

e - Aforementioned fuel properties lead to accelerated component wear
- High temperature on the right roller support leads to further reduction of fuel viscosity
- Abrasive wear due to thin lubricant film between roller and roller supports

Measures:
Robustness package 1 (RP1) Since CW 15/2010

- including C2 instead of C3 coating on roller support; narrowing roller clearance in series for roller
support; roller shape optimization

- Increasing lubricant film thickness between roller and roller

= Support 8 fal|ureS NEI['\-rESp(')nHi'-.'E content removed to date

Robustness package 2 (RP2)

- Reduction in temperature at the right roller support by Opt. Inflow and return lines of the high-
pressure fuel pump

- No deposit formation and further lubricant film thickness

- Effectiveness proven in Raff test

Dates: Series RP 2 starting from CW 45/2010 for all V6 TDI

asat U
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EA11 OOSEN-02083[8 o
Product Quality Forum

- "power loss" of high-pressure fuel pump, Touareg V6 TDI

Technical information CP4.1

Cylinder head Intake valve

HP valve
Pump-element piston

Tappet body
O-ring groove

(free space) : = '- Q\

Pump side

Spring plate

Overflow valve

Oil seal | Roller support

Engine side

(Free space) Roller

G L0 o
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EA11003EN-02085[0]

Audi
Vorsprung durch Technik

Status of Bosch CP4.2 High-Pressure Fuel Pump in V6TDI
Wk38/2011
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ENTIRE PAGE CONFIDENTIAL

Roller support ',

. %\
Status of Bosch CP4.2 high-pressure fuel pump Roller 4
VGTDI Gen1 Camshaft
» Complaint: Drivetrain damage to Bosch CP4.2 high-pressure fuel pump in V6TDI Gen1
» Affected models: B8, C6, Q5, Q7,Touareg, Touareg NF, Cayenne E1
» Initial situation/Late 2007: Transition from Bosch CP1h high-pressure fuel pump to CP4.2 for V6 TDI Gen1
Affected period: Pressure increase from 1600bar to 1800/2000bar - Audi pilot customer for CP4.2

Note: CP1h in V6TDI Gen1 also OK in countries with poor fuel quality
» Affected markets: Countries with poor fuel quality especially R

Info: U.S. higher failure rate than |l
» Known cases of damage: 3800 Audi and 2300 VW
» Number of units in field: 320,000 Audi and 80,000 VW (esp. Touareg, 10% of which in -
» Analysis/cause: Wear due to insufficient lubricating film thickness between roller and roller support

2 status CP4.2 Wis

1.) Poor production quality at Bosch in MY 2008 and 2009 80% of all
cases of damage involve MY 2008 and 2009
2.) Lack of robustness of CP4.2 for low-viscosity fuels
3.) Coolingof CP4.2dependent on rotational direction/ TCD does not indicate a preferred direction
4.) CP4.2 demonstrates insufficient venting behavior
5.) Sensitivity of CP4.2 to drive influences (torsional vibrations)
No information on drive conditions in the TCD

ad Low viscositywith high kerosene and gasoline content

Audi / /"}ﬁ'—\rfz\‘.(f—\'\'
Vorsprung durch Technik W I I A
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EA11003EN-02085[2]
Status of Bosch CP4.2 high-pressure fuel pump

V6TDI Gen1
» Actions implemented: Measures from package 1&2 Eliminate quality problems in Bosch
productionMP1(Wk30/2008) MF’2(Wk30!2009) / Aﬂer
mtroductlon of MP1 and MP2, failure figures in st
Anti wear package 1 (RP1) Increase of CP4.2 robustness against low
fuel viscosity (Wk15/2010)
Anti wear package 2 (RP2) Optimized cooling on right CP4.2 runner
(Wk45/2010)
Optimized EFP activation Improved CP4.2 cooling during engine start (early 2011)
» Planned measures: Optimized belt tensioner Reduce torsional vibrations on
CP4.2 (only for Gen1 Wk45/2011)
Self-venting CP4.2 Introduction of CP4.2 with optimized

venting capability — for V6TDI Gen1 only Cust
(possible use from Wk45/2012)

» Development in field: High effectiveness of measures to date MIS 6 values for V6TDI Gen1
50 - (only Audi brand evaluated)

CD
R G)CD
(4]
g8 40 =
()]
> & 30 = MY 2008
gg MY 2009
(O]
T3 20 - = MY 2010
08 o
03 < B = MY 2011
o= 10 o o :
@ Wmmn I“'zm o)
O 0 - -OSS : mm © | .
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